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PREFACE 

During  the  past  generation  there  has  been  intense  and 
ever  increasing  activity  among  agricultural  investigators 
in  the  study  of  problems  relating  to  plant  nutrition  and 
^!  soil  fertility,  covering  all  the  various  phases,  chemical, 

"^  physical  and  biological.     Much  work  has  been  done  in 

^  making  practical  application  of  the  results  of  investiga- 

tion to  the  use  of  plant-foods  in  the  growing  of  crops.  As 
an  outgrowth  of  this  activity,  numerous  books  relating 
to  soils,  crop  growing,  fertilizers  and  kindred  subjects 
have  appeared,  some  treating  certain  limited  aspects  in 
muqh  detail,  others  discussing  all  phases  in  a  general 
way.  For  some  time,  however,  there  has  existed  marked 
evidence  of  a  growing  demand  for  a  book  which  should 
not  only  assemble  in  a  connected  way  the  more  impor- 
tant facts  and  principles  relating  to  soil  fertility  and 
plant  nutrition,  but  which  should  follow  such  a  prepara- 
K  tory  foundation  with  a  systematic,  reasonably  thorough 

'SV.         study  of  plant-foods  in  relation  to  practical  use  in  crop 
:S  growing.     In  the  attempt  to  meet  such  a  demand,  this 

book  has  been  prepared.    Effort  has  been  made  to  keep 
in  mind  the  needs  not  only  of  students  in  agricultural 
schools  but,  even  more,  of  the  larger  class  of  student 
^  farmers  who  are  directly  and  vitally  interested  in  the 

^  profitable  production  of  crops. 

^  It  has  seemed  not  only  desirable,  but  essential,  that  a 

^  book  treating  of  the  practical  use  of  fertilizers  on  the 

^  farm  should  be  something  more  than  a  mere  collection 

of  recipes  giving  the  number  of  pounds  of  different  fer- 
tilizing materials  to  apply  for  individual  crops;  there 
should,  in  addition^  be  made  as  prominent  as  possible 
other  vital  factors  influencing  or  controlling  the  effective- 
ness with  which  a  crop  utilizes  the  plant-food  furnished 
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It.  The  purpose  has  been,  therefore,  not  merely  to  give 
information  but  to  present  it  in  such  a  systematic  way 
as  to  show  certain  fundamental  relations  and  make  clear, 
as  far  as  possible,  the  reasons  underlying  every  practice 
suggested.  When  the  subject  is  considered  in  this  broad 
way,  it  is  obviously  practicable  to  give  only  the  most 
important  details;  and,  therefore,  in  the  preparation  of 
many  of  the  chapters,  especially  in  the  first  part,  the  pur- 
pose has  been  to  make  the  treatment,  however  incom- 
plete, yet  sufficiently  full  and  suggestive  to  stimulate  a 
desire  on  the  part  of  the  reader  to  know  more  about  the 
subjects  discussed,  the  information  imparted  thus  serv- 
ing as  an  introduction  to  further  study  of  special  treatises 
on  agricultural  chemistry,  soil  physics,  plant  physiology, 
soil  bacteriology,  etc. 

It  has  been  the  privilege  of  the  writer  for  nearly  a 
quarter  of  a  century  to  be  in  more  or  less  constant  touch 
with  plant-feeding  questions.  Through  personal  contact 
he  has  been  enabled  to  learn  the  practices,  difficulties  and 
needs  of  the  farmer  in  relation  to  many  problems  of  crop- 
feeding.  To  no  small  extent,  this  book  is,  therefore,  the 
outgrowth  of  an  appreciation  of  the  farmer's  point  of 
view,  and  it  seeks  to  arrange  for  his  use  many  of  the  facts 
and  principles  he  wants  and  needs  to  know. 

In  addition  to  the  preceding  statements,  there  are  cer- 
tain other  points  to  which  we  wish  to  call  attention 
briefly,  relating  to  (i)  sources  of  material,  (2)  new  facts 
and  theories,  (3)  definitions,  (4)  nomenclature,  (5)  illus- 
trations and  (6)  use  of  the  book. 

(i)  Sources  of  material.  In  addition  to  the  extensive 
literature  furnished  by  the  investigations  of  our  Ameri- 
can agricultural  experiment  stations  and  colleges,  and  of 
the  United  States  Department  of  Agriculture  (especially 
the  Bureaus  of  Soils,  of  Plant  Industry,  and  of  Chemistry), 
tbe  results  of  work  done  at  European  agricultural  experi- 
ment stations  have  been  studied.     Standard  works  of 
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Specialists  have  also  been  freely  consulted,  among  which 
may  be  mentioned  those  of  Johnson,  Storer,  Hilgard, 
Voorhees,  Wiley,  Hall,  Hopkins,  King,  Lipman,  Lyon 
and  Fippin,  Bailey,  and  Hunt.  It  is  obvious  that  the  com- 
prehensive, elementary  character  of  the  book  makes  it 
impracticable  to  give  authorities  and  references  for  the 
statements  made. 

(2)  New  facts  and  theories.  Not  a  month  passes 
which  fails  to  bring  some  new  fact  of  interest,  if  not  of 
importance,  relating  to  one  or  more  of  the  subjects  con- 
sidered in  this  book ;  such  is  the  fruitfulness  of  the  activity 
of  investigation  in  these  lines.  While  many  facts  and 
their  interpretation  must  be  regarded  as  satisfactorily 
established,  there  are  many  statements  which  will  need 
modification  as  the  result  of  increased  knowledge.  The 
present  appears  to  be  pre-eminently  a  time  of  flux  and 
transition.  Especially  is  this  true  in  regard  to  theories 
of  soil  fertility  and  soil  infertility.  A  theory  is  simply  a 
proposed  explanation  of  an  observed  fact  or  set  of  facts. 
Theories  usually  change  with  the  accumulation  of  new 
facts.  The  discussion  of  theories  has  been  purposely 
minimized  by  the  writer,  nothing  more  being  attempted 
than  here  and  there  a  brief  statement  without  contro- 
versial discussion. 

In  any  elementary  treatise  largely  concerned  with 
practical  applications,  one  is  often  compelled,  for  the 
sake  of  brevity  and  directness,  to  make  unqualified,  posi- 
tive statements,  which  are  known  to  be  only  approxima- 
tions to  the  truth,  but  which  are  sufficiently  accurate  for 
all  practical  purposes. 

(3)  Definitions.  A  satisfactory  definition  is  usually 
difficult  to  make,  and  yet  in  any  discussion  it  is  essential 
to  define  fundamentals  in  order  to  avoid  misunderstand- 
ing. In  the  literature  relating  to  soils,  plant-foods,  etc., 
not  a  few  terms,  such,  for  example,  as  plant-food,  soil  fer- 
tility, and  availability  of  plant-food,  are  used  so  loosely 
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by  different  writers  as  to  have  quite  variable  signification. 
Many  of  the  definitions  attempted  in  this  book  are  open 
to  criticism,  as  the  author  appreciates,  and  yet  it  is 
desirable  that  terms  be  defined,  even  if  not  with  complete 
satisfaction. 

(4)  Nomenclature.  In  the  body  of  the  book,  the  mean- 
ing of  such  terms  as  phosphorus,  phosphoric  acid,  potas- 
sium, potash,  calcium,  lime,  etc.,  has  been  discussed  in 
some  detail.  In  the  older  literature  we  find,  for  example, 
only  such  terms  as  phosphoric  acid,  potash,  and  lime, 
while  in  recent  literature  we  find  more  or  less  common 
the  terms,  phosphorus,  potassium  and  calcium.  Under 
the  circumstances,  it  is  obviously  in  the  interest  of  clear- 
ness to  give  both  forms,  when  speaking  of  definite 
amounts;  therefore,  we  have  generally  given  figures 
showing  the  equivalent  amounts  of  both  phosphorus  and 
phosphoric  acid,  of  potassium  and  potash,  of  calcium  and 
lime. 

(5)  Illustrations.  Most  of  the  illustrations  used  in  this 
book  represent  some  form  of  investigation  work  carried 
on  by  the  agricultural  experiment  stations  and  colleges 
of  the  United  States  and  by  the  United  States  Department 
of  Agriculture,  especially  the  Bureau  of  Plant  Industry 
and  the  Bureau  of  Soils.  The  author  desires  to  express 
his  appreciation  of  the  generous  co-operation  which  he 
has  met  in  collecting  these  illustrations;  material,  when 
available,  has  been  furnished  in  case  of  every  request.  He 
is  under  obligation  also  to  the  Orange  Judd  Company  for 
assistance  rendered  in  obtaining  some  of  the  illustrations. 

(6)  Use  of  the  book.  In  the  selection  and  arrange- 
ment of  the  materials,  the  writer  has  kept  in  mind  the 
needs  of  practical  farmers  as  well  as  those  of  classes  in 
agricultural  colleges  and  high  schools.  The  book  can  be 
used  to  advantage  in  the  educational  work  of  granges 
and  other  farmers'  clubs.  Frequent  cross-references  are 
given  to  assist  the  student  in  reviewing  parts  gone  over 
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previously  or  to  furnish  needed  explanation  in  case  one 
does  not  read  the  chapters  in  the  order  given. 

The  author  appreciates  the  difficuhy  of  wholly  eliminating 
errors  in  a  work  involving  so  many  and  varied  details.  He 
will  regard  it  as  a  favor  to  have  his  attention  called  to  any 
defects,  whether  in  the  matter  of  omissions,  imperfect  treat- 
ment or  inaccuracy  of  statement,  which  may  be  found  by 
those  who  use  this  book. 

In  the  preparation  of  Chapters  XXXIII  and  XXXIV, 
valuable  assistance  has  been  received  from  Prof.  U.  P. 
Hedrick,  Horticulturist  of  the  New  York  Agricultural 
Experiment  Station.  Helpful  suggestions  have  also  been 
made  by  Mr.  J.  F.  Barker,  in  charge  of  soil  investigations 
at  the  New  York  Agricultural  Experiment  Station, 

Geneva,  N.  Y.,  January  15,  1912. 
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CHAPTER  I 

INTRODUCTION:    CONSERVATION  OF  PLANT- 
FOOD— RELATIONS  OF  PLANT-FOOD  TO 

SOIL  FERTILITY 

There  has  never  been  in  this  country  so  widespread 
and  so  deep  an  interest  in  the  subject  of  conservation  of 
plant- food  as  at  the  present  time ;  and  never  before  have  so 
many  men,  trained  for  investigation,  been  engaged  in  study- 
ing the  subject  in  all  its  manifold  phases  and  varied  relations. 

The  condition  of  many  American  farmers  is  aptly  illus- 
trated in  the  following  experience  described  by  Dr. 
Holmes  in  'The  Professor  at  the  Breakfast  Table":  "Let 
me  tell  you  what  happened  to  me  once.  I  put  a  little 
money  into  a  bank,  and  bought  a  check-book,  so  that  I 
might  draw  it  as  I  wanted,  in  sums  to  suit.  Things  went 
on  nicely  for  a  time ;  scratching  with  a  pen  was  as  easy  as 
rubbing  Aladdin's  Lamp;  and  my  blank  check-book 
seemed  a  dictionary  of  possibilities,  in  which  I  could  find 
all  the  synonyms  of  happiness,  and  realize  any  one  of 
them  on  the  spot.  A  check  came  back  to  me  at  last 
with  these  two  words  on  it — No  funds** 

The  application  of  the  foregoing  experience  is,  in  its 
main  features,  so  highly  suggestive  as  to  require  no 
special  explanation.  The  methods  pursued  by  American 
farmers  in  drawing  upon  the  readily  available  plant- 
food  supplies  deposited  for  their  use  by  the  accumula- 
tions of  long  ages  have  been  wasteful  if  not  yet 
exhaustive.  The  main  problem  before  our  farmers  is, 
therefore,  the  utilization  of  plant-food  under  such  con- 
ditions and  methods  as  will  stop  needless  waste 
and  at  the  same  time  increase  the  average  jield 
of  crops  without  a  proportionate  increase  of  cost.    It 
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may  seem  paradoxical  to  suggest  that  it  is  possible  to 
produce  larger  crops  without  using  up  more  rapidly  the 
soil's  supply  of  plant-food.  Speaking  in  general  terms, 
it  becomes  a  matter  of  preventing  unnecessary  losses  of 
plant-food  materials,  and,  at  the  same  time,  of  replacing 
unavoidable  losses  in  the  most  economical  way,  while 
maintaining  such  other  conditions  requisite  for  plant 
growth  as  will  permit  crops  to  utilize  to  greatest  advan- 
tage the  food  supplies  within  reach. 

While  much  attention  has  been  publicly  directed  to  the 
conservation  of  our  phosphate  deposits,  and  most  wisely 
so,  the  real  field  for  conservation,  the  one  that  furnishes 
the  most  extensive  and  important  opportunity  for  the 
effective  practice  of  conservation  of  plant-food,  is  the 
American  farm.  Each  farmer  has  at  his  own  door  oppor- 
tunities for  the  study  and  practice  of  conservation,  and 
each  must  for  himself  apply  in  his  work  the  principles 
which  will  aid  in  the  solution  of  his  immediate  problems. 
Fortunately,  trained  investigators  have  done  much  to 
point  the  way  in  which  true  conservation  lies,  though 
some  details  yet  remain  to  be  worked  out. 

The  controllable  losses  of  plant-food  on  American 
farms  are  fairly  appalling,  taken  in  the  aggregate.  To 
give,  as  an  illustration,  the  loss  from  only  a  single  source, 
it  is  a  moderate  statement,  well  within  the  limits  of  actual 
truth,  that  one-third  of  the  plant-food  value  of  the  manure 
.produced  by  the  different  kinds  of  farm  animals  in  the 
United  States  is  lost  by  carelessness,  a  loss  equivalent  to 
$700,000,000  a  year ;  and  most  of  this  enormous  waste,  equal 
in  value  to  an  average  annual  wheat  crop,  is  preventable. 

The  wasteful  methods  of  crop  raising  and  the  neglect 
of  ordinary  precautions  in  saving  and  utilizing  the  farm 
resources  have  led  to  increasing  dependence  upon  the 
blind  use  of  commercial  fertilizers;  this  practice  has 
developed  in  too  many  cases  into  a  habit  not  unlike  the 
patent-medicine  habit,  so  far  as  relates  to  knowledge  of 
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the  materials  used  and  intelligent  reasons  underlying 
their  use.  Millions  of  dollars  have  been  thrown  away 
in  using  commercial  fertilizers,  because  the  conditions 
which  make  their  use  most  effective  have  not  been  appre- 
ciated or  understood  by  farmers. 

Generally  speaking,  the  fundamental  purpose  of  this 
book  is  to  study  the  conditions  under  which  plant-foods, 
whether  in  the  form  of  soil  compounds,  or  of  farm- 
produced  materials,  or  of  commercial  fertilizers,  can  be 
conserved  and  at  the  same  time  utilized  with  the  gfreatest 
efficiency  and  economy  in  the  production  of  crops. 

PLANT-FOOD 

Plant-feeding  is  not  a  simple  problem.  Its  solution 
depends  upon  much  more  than  the  liberal  use  of  farm 
manure,  commercial  fertilizers  or  other  materials.  Intel- 
ligent and  successful  use  of  plant-foods  in  the  gfrowing 
of  crops  is  based  upon  knowledge  of  definite  facts  and  of 
the  relations  of  these  facts  to  one  another.  As  we  shall 
learn  later,  the  beneficial  action  of  fertilizers  upon  crops 
depends  upon,  and  is  limited  by,  many  different  condi- 
tions, each  of  which  must  be  taken  into  careful  considera- 
tion if  the  cost  of  crop  production  is  to  be  satisfactorily 
regulated.  The  main  purpose  of  this  introductory  chap- 
ter is  to  make  prominent  at  the  beginning  some  of  the 
important  fundamental  facts  which  underlie  the  practical 
problem  of  feeding  crops. 

We  shall  have  occasion  to  use  frequently  such  terms  as 
plant-food,  'available,  unavailable,  soil  fertility,  etc.,  and  it 
is  desirable  that  we  define  them  in  the  beginning,  or  at 
least  make  an  attempt ;  although  the  details  of  our  defini- 
tions in  their  various  applications  will  be  discussed  more 
or  less  constantly  throughout  the  subsequent  chapters 
of  the  book,  and  their  meaning  made  clearer  by  more 
complete  development. 

As  commonly  used,  the  term,  plant-food,  includes  com* 
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pounds  containing  nitrogen,  phosphorus  or  potassium; 
this  use  has  arisen,  as  will  be  pointed  out  later  (p.  242), 
because  these  constituents  are  the  only  ones  that  have 
been  usually  considered  in  connection  with  the  applica- 
tion of  fertilizers  in  the  growing  of  crops.  This  limited 
application  of  the  term  answers  some  practical  purposes, 
but  is  not  sufficiently  broad  to  be  accurate.  For  the  pur- 
poses of  this  treatise,  a  plant-food  can  be  defined  as  a  sub- 
stance which  supplies  any  constituent  necessary  for  the 
nourishment  of  plants  and  in  a  form  suited  to  promote  their 
development  or  capable  of  being  changed  by  natural  processes 
into  such  a  form. 

We  shall  later  learn  in  detail  what  are  the  different 
constituents  that  are  essential  to  the  nutrition  of  plants 
and  also  what  are  the  particular  forms  or  compounds 
containing  these  essential  constituents  that  plants  can 
utilize  for  their  growth.  For  the  present  it  is  suffi- 
cient to  state  that  the  air  and  the  earth's  surface  are  the 
original  sources  of  all  plant-foods. 

It  will  be  shown  later  (p.  164)  that  a  substance  must 
enter  a  plant  before  it  can  be  used  as  food.  Gases  and 
liquids  are  able  to  enter  plants  readily,  but  solids  must 
be  brought  into  the  form  of  solution  in  water  before  they 
can  do  so.  The  solid  compounds  that  contain  plant-food 
constituents  vary  greatly  in  respect  to  the  quickness  and 
completeness  with  which  they  dissolve  in  water.  Some 
compounds  must  be  changed  into  other  forms  of  com- 
bination before  they  are  soluble  in  water.  It  is,  however, 
not  sufficient  merely  that  compounds  containing  plant- 
food  constituents  should  be  soluble  in  water  in  order  to 
serve  as  plant-food.  Many  such  soluble  substances,  even 
after  they  get  inside  the  plant,  are  not  used  as  a  source 
of  nourishment,  though  containing  an  abundance  of  some 
plant-food  constituent.  As  we  shall  later  see  more  fully, 
the  number  of  substances  that  are  in  forms  suited  to 
promote  plant  development  at  once,  or  that  are  capable 
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of  being  changed  into  such  forms,  is  comparatively  small, 
especially  if  we  limit  the  number  to  those  that  are  practi- 
cally or  commercially  important.  To  distinguish  sub- 
stances containing  plant-food  constituents  that  are  in 
forms  suited  to  promote  plant  development,  or  that  are 
capable  of  being  more  or  less  readily  changed  into  such 
forms,  from  those  that  are  not  in  such  forms  and  do  not 
easily  change,  we  use  the  terms  available  and  unavail- 
able. The  common  usage  of  these  terms  has  been  some- 
what confusing,  and  necessarily  so,  because  the  line  of 
division  is  obscure  and  must  be  more  or  less  arbitrary, 
at  least  in  many  cases.  The  property  of  availability  is 
dependent  on  so  many  complicated  conditions,  that  it  is 
well  nigh  impossible  to  give  a  definition  that  will  cover 
all  possible  cases.  Moreover,  full  comprehension  of  any 
adequate  definition  can  be  gained  only  by  study  of  sub- 
sequent chapters. 

Available  plant-food. — A  plant-food,  or  a  plant-food  con- 
stituent,  is  available  when  it  is  in  such  form  of  combination 
that  plants  can  immediately  utilise  it,  or  when  it  is  in  such 
form  that,  though  not  suited  to  immediate  use,  it  becomes 
so  more  or  less  readily  under  favorable  conditions. 

Unavailable  plant-food. — A  plant-food,  or  a  plant-food 
constituent,  is  unavailable  when  it  is  in  such  form  of  com- 
bination that  plants  cannot  utilize  it  under  any  natural  con- 
ditions, or  when  it  becomes  available  so  slowly  under  favor- 
able conditions  as  not  to  furnish  appreciable  amounts  of 
material  that  can  be  used  by  growing  crops. 

We  will  now  try  to  explain  the  meaning  of  these  defini- 
tions as  far  as  possible  at  this  stage  of  our  study  by 
means  of  specific  illustrations. 

(i)  Plant^food  immediately  available. — Nitrogen  in  the 
combination  known  as  nitrate  (p.  40)  furnishes  a  typical 
case  of  immediately  available  plant-food.  Of  the  large 
number  of  compounds  containing  the  essential  plant-food 
constituent,  nitrogen,  the  one  form  of  chemical  combina- 
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tion  which  plants  use  most  quickly  and  extensively  as 
food  is  that  of  nitrate  nitrogen.  It  js  a  significant  fact  also 
that  all  nitrate  combinations  present  in  soils  are  easily 
soluble  in  water.  Similarly,  the  phosphorus  and  calcium 
in  acid  calcium  phosphate  (p,  47)  and  the  potassium  in 
potassium  chloride  (muriate  of  potash),  or  in  potassium 
sulphate  or  carbonate  (p.  51),  are  available,  because 
these  compounds  readily  dissolve  in  water  and  can  be 
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taken  into  plants  at  once  for  use  as  food  without  having 
to  be  changed  into  other  forms  of  chemical  combination. 
(2)  Plant-food  not  immediately  available. — Organic  ma- 
terials containing  nitrogen,  such,  for  example,  as  dried 
blood,  fish-scrap,  cottonseed-meal,  etc.  (p.  429),  are  not 
soluble  in  water  to  any  marked  extent  and  cannot,  there- 
fore, be  used  at  once  as  plant-food ;  but  under  the  action 
of  micro-organisms  (p.  204)  their  nitrogen  is  changed 
into   nitrate    nitrogen  under    favorable    conditions,    the 
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rapidity  of  the  change  depending  upon  temperature,  mois- 
ture, kind  and  number  of  micro-organisms,  fineness  of 
plant-food  material,  etc.  Under  usual  conditions,  the 
nitrogen  in  such  substances,  when  applied  to  soils  in 
spring,  becomes  completely  available  in  time  to  be  used 
by  crops  during  the  growing  season.  While  not  imme- 
diately available,  the  nitrogen  in  such  materials  is  classed 
as  available,  and  is  actually  so  from  the  practical  stand- 
point of  supplying  the  needs  of  growing  crops. 

As  a  further  illustration  under  this  head,  let  us  take 
farm  manure.  When  strictly  fresh  it  contains  no  imme- 
diately available  plant-food.  As  it  passes  through  various 
processes  of  fermentation  changes  under  the  action  of 
micro-organisms,  its  plant-food  constituents  gradually 
pass  into  immediately  available  form,  beginning  with  the 
liquid  portion  and  in  time  extending  to  the  solid  parL 
When  applied  to  soils  in  sufficient  amount,  farm  manure 
usually  continues  to  show  beneficial  effects  on  crop 
growth  for  three  or  four  years,  corresponding  with  the 
change  of  slowly  available  plant-food  constituents  into 
forms  immediately  available. 

(3)  Compounds  wholly  unavailable. — ^There  are  many 
compounds  containing  constituents  essential  to  plant 
growth  that  are  readily  soluble  in  water  but,  if  taken  into 
the  plant,  they  are  not  used  as  food ;  in  some  cases  com- 
pounds of  this  kind,  even  in  very  minute  amounts,  act  as 
poisons  and  seriously  interfere  with  the  normal  activities 
of  plants.  When  such  substances,  even  though  containing 
constituents  essential  to  plant  nutrition  and  readily  solu- 
ble in  water,  are  not  capable  of  change  under  ordinary 
conditions  into  compounds  that  plants  can  use  as  food, 
they  are  wholly  unavailable — in  fact,  they  are  not  plant- 
foods  at  all.  As  illustrations  of  such  forms  of  compounds 
we  may  mention  potassium  cyanide,  calcium  or  mag- 
nesium chloride  in  solutions  not  sufficiently  dilute. 

(4)  Plant-food  constituents  largely  unavailable, — ^When 
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the  term  unavailable  is  applied  to  materials  containing 
plant-food  constituents,  it  is  usually  in  the  sense  of  very 
slowly  available.  In  illustration  of  this  class  of  sub- 
stances, we  can  mention  some  familiar  organic  materials 
that  contain  considerable  percentages  of  nitrogen,  such 
as  leather  or  hair.  These  substances  show  great  power 
of  resistance  to  the  action  of  micro-organisms  and  their 
nitrogen  is  changed  into  nitrate  with  extreme  slowness, 
requiring  many  years  for  complete  conversion  into  avail- 
able form.  Such  substances  become  available  so  slowly 
as  to  be  of  little  value  in  furnishing  plant-food  for  grow- 
ing crops.  For  practical  purposes,  these  materials  are 
regarded  as  unavailable  or  inert.  Similarly,  iron  and 
aluminum  phosphates  (p.  49),  which  constitute  a  large 
portion  of  the  phosphate  compounds  in  many  soils,  are 
so  slowly  changed  under  ordinary  conditions  into  forms 
that  a  plant  can  use  that  they  are  classed  as  unavailable. 

Strictly  speaking,  a  plant-food  constituent  in  unavail- 
able form  is  not  actual  plant-food  at  all,  but  is  simply  raw 
material  which  under  proper  conditions  may  become 
actual  plant-food  in  time.  Unavailable  plant-food  is, 
therefore,  regarded  as  potential  plant-food,  that  is,  an 
existing  source  of  future  supply  of  actual  plant-food.  As 
we  shall  appreciate  later,  unavailable  plant-foods  are  con- 
stantly becoming  available,  and  control  of  the  processes 
of  converting  potential  into  actual  plant-food  constitutes 
one  of  the  fundamental  problems  of  successful  crop  pro- 
duction. The  conditions  under  which  unavailable  is 
changed  into  available  plant-food  constitute  a  most 
important  line  of  study  in  future  chapters. 

Factors  affecting  availability  of  plant-fooA — The  sub- 
ject of  availability  of  plant-food  is  in  many  cases  even 
more  complicated  than  might  appear  from  the  preceding 
discussion,  since  many  factors  must  be  taken  into  consid- 
e^'ation.  These  will  be  considered  in  detail  later  in  con- 
nection with  individual  materials  (p.  426),  but  we  will 
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anticipate  to  the  extent  of  simply  stating  at  this  point 
without  enlargement  that,  prominent  among  the  factors 
affecting  the  availability  of  plant-foods,  are  the  follow- 
ing: (i)  The  chemical  character  of  the  plant-food  mate- 
rials, (2)  their  fineness  of  division,  (3)  various  soil  con- 
ditions, especially  those  affecting  its  micro-organisms, 
and  (4)  the  character  of  the  crop  grown. 

With  this  preliminary  and  necessarily  superficial  con- 
sideration of  the  subject  of  plant-food  availability,  we 
leave  it  only  to  resume  it  in  more  detail  here  and  there 
throughout  the  book. 

FACTORS  OF  SOIL  FERTILITY 

In  common  usage,  we  speak  of  a  soil  as  fertile  when 
it  produces  large  crops.  The  expression,  soil  fertility,  is 
used  to  include  the  factors  that  make  a  soil  productive; 
definitions  vary  in  respect  to  the  factors  included.  The 
most  common  meaning  given  to  soil  fertility  is  simply 
abundance  of  available  plant-food  in  the  soil.  This  is  too 
narrow,  since,  as  we  shall  see  later,  a  soil  may  contain 
available  plant-food  sufficient  to  meet  the  requirements 
of  large  crops  and  yet  be  unproductive.  The  broadest 
possible  use  of  the  term,  soil  fertility,  includes  all  condi- 
tions that  affect  crop  production,  not  only  those  more  im- 
mediately centered  in  the  soil  itself,  but  also  those  out- 
side, such  as  rainfall,  temperature,  adaptation  of  crops 
to  soil  and  climate,  selection  of  seed,  and  all  other  factors 
that  may  be  regarded  as  external. 

While  we  can  speak  of  the  factors  of  soil  fertility  as 
being  divided  into  two  general  classes,  internal  and 
external,  they  are  so  closely  bound  together  in  crop  pro- 
duction that  we  can  separate  them  only  in  theory.  When 
we  speak  of  a  soil  as  fertile,  we  always  assume  that  the 
external  factors,  rain,  sunshine,  seed,  etc.,  are  present 
to  furnish  favorable  conditions  for  crop  growth,  supple- 
menting those  of  the  soil. 
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As  a  general  statement,  we  can  say  that  under  the  term, 
soil  fertility,  we  include  all  the  factors  in  the  soil  that  con-- 
tribute  to  plant  growth  when  supplemented  by  favorable 
external  conditions;  the  ability  of  a  soil  to  produce  crops 
under  conditions  favorable  to  plant  growth  is  a  mecLSure  of 
its  fertility. 

The  conditions  neeaed  in  a  soil  to  promote  plant 
growth  are  the  following:  (i)  Abundance  of  available 
plant-food.  (2)  A  physical  structure  (a)  which  com- 
bines mellowness  and  firmness,  permitting  plant-roots  to 
extend  their  growth  freely;  (b)  which  enables  the  soil 
to  receive  water  easily,  distribute  it  promptly,  hold  it 
with  sufficient  tenacity,  and  g^ve  it  up  as  needed  by 
plants;  (c)  which  permits  some  circulation  of  air;  and 
(d)  which  makes  the  soil  able  to  absorb  heat  and  main- 
tain a  degree  of  warmth  suited  to  plant  gfrowth.  (3)  The 
presence  of  beneficial  micro-organisms  and  conditions 
favorable  to  their  growth.  (4)  Absence  of  injurious 
amounts  of  substances  poisonous  to  plants. 

The  factors  of  soil  fertility,  to  which  we  shall  give 
attention  in  subsequent  chapters,  are  conveniently 
grouped  under  three  general  divisions,  as  follows : 

(i)  Chemical  composition,  or  the  relations  of  soils  to 
(a)  the  kinds  and  amounts  of  plant-food  present  and  (b) 
substances  injurious  to  plant  growth. 

(2)  Physical  condition,  or  the  relations  of  soils  to  air, 
moisture,  heat  and  light. 

(3)  Biochemical  condition,  or  the  relations  of  soils  to 
the  action  of  micro-organisms. 

RELATION  OF  PLANT-FOOD  TO  OTHER 
FACTORS  OF  SOIL  FERTILITY 

The  fact  that  soil  fertility  is  so  generally  regarded  as 
synonymous  with  an  abundance  of  available  plant-food 
has  a  certain  amount  of  justification,  since  it  is  a  fact 
worthy  of  notice  that  plant-food  appears  to  be  the  one 
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factor  to  which  others  are,  in  a  sense,  more  or  less  largely 
subordinated.  Someone  has  defined  an  animal  as  a  stom- 
ach with  appendages  necessary  for  feeding  it.  In  a  some- 
what similar  way,  a  plant  can  be  regarded  as  an  organism 
furnished  with  an  environment  whose  factors  combine  to 
prepare  and  supply  food   for  it.     The  insoluble  plant- 
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food  constituents  of  the  rock-crust  of  the  earth  have  been 
pulverized  by  various  natural  agencies  (p.  90),  and  have 
been  made  soluble  as  the  result  of  the  chemical  action  of 
water,  carbon  dioxide  (carbonic  acid)  and  oxygen 
(p.  91),  together  with  the  help  of  micro-organisms 
{p.  228)  ;  various  agencies  combine  to  make  the  soil  mel- 
low so  that  the  plant-roots  can  find  their  way  to  the  sup- 
plies of  plant-food  (p.  102)  ;  water  holds  plant-food  in 
solution  ready  for  absorption  by  plant-roots,  carrying  it 
into  and  throughout  the  plant  (p.  145).  And  so,  chemical. 
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physical  and  biological  factors,  an  combine  to  prepare  the 
plant-food  supply.  Those  conditions  of  soil  that  are  rec- 
ognized as  best  suited  to  crop  production  are  the  ones 
which  best  furnish  available  plant-food.  It  follows,  there- 
fore, that  the  preparation  and  utilization  of  plant-food 
are  dependent  upon  many  factors,  all  of  which  must  be 
taken  into  consideration  in  any  practical  discussion  of 
plant-feeding.  In  discussing  the  use  of  fertilizers  in  the 
growing  of  crops,  we  must,  then,  keep  in  mind  that  cer- 
tain conditions  are  essential  before  a  crop  can  use  plant- 
food  to  advantage,  whether  in  the  form  of  an  applied  fer- 
tilizer or  in  the  form  of  plant-food  derived  directly  from 
the  soil.  Various  conditions  limit  and  determine  the 
effect  of  plant-food.  Some  of  the  factors  are  more  or  less 
largely  beyond  man's  control,  while  others  are  within  his 
power  to  regulate.  Among  the  most  important  specific 
factors,  capable  of  control,  which  affect  the  usefulness 
of  plant-foods  in  crop  growing,  are  the  following: 

(i)  Soil  organic  matter. 

(2)  Soil  moisture. 

(3)  Soil  acidity. 

(4)  Soil  structure. 

(5)  Soil  micro-organisms. 

It  is  obvious  that  any  treatment  relating  to  the  use  of 
fertilizers  must  be  narrow  and  superficial  and  in  the 
nature  of  an  ordinary  recipe,  which  confines  itself  to  a 
statement  of  how  many  pounds  of  nitrogen,  phosphorus, 
or  potassium  compounds  to  apply  to  crops.  Therefore, 
in  the  preparation  of  this  book,  it  has  seemed  necessary 
to  consider  first  the  factors  determining  the  effectiveness 
of  fertilizers  before  we  can  consider  to  advantage  their 
practical  use  in  crop-growing;  and  we  shall  proceed  with 
this  purpose  in  mind,  giving  attention  to  the  various  fac- 
tors of  soil  fertility,  in  so  far  as  such  a  study  will  enable 
us  to  appreciate  their  practical  relations. 


CHAPTER  II 

THE  CHEMICAL  ELEMENTS  OF  PLANTS 

In  our  study  of  plant-foods,  we  shall  take  as  our 
starting-point  the  constituents  that  are  found  necessary 
for  the  growth  of  plants;  we  shall  study  briefly  their 
sources,  compounds,  properties  and  functions. 

CHEMICAL  ELEMENTS 

All  forms  of  matter  known  to  us  are  composed  of  about 
eighty  different  chemical  elements,  that  is,  of  substances 
which  cannot,  by  any  known  means,  be  separated  into 
two  or  more  different  kinds  of  matter.  For  example, 
pure  sulphur  is  an  element  because,  whatever  processes 
we  may  put  it  through,  we  cannot  get  anything  out  of  it 
but  sulphur;  pure  sulphur  contains  nothing  but  sulphur. 
Similarly,  nitrogen  is  an  element  because  no  one  has  ever 
been  able  to  show  that  it  contains  more  than  one  thing, 
nitrogen.  Other  examples  of  chemical  elements  are  oxy- 
gen, carbon,  phosphorus,  iron,  calcium,  etc.  Some  of  the 
elements,  as  commonly  known  to  us,  are  gases,  such  as 
oxygen  and  nitrogen,  but  most  of  them  under  ordinary 
conditions  are  solids. 

Chemical  elements  in  plants. — ^The  many  thousands  of 
different  kinds  of  plants  growing  on  the  earth,  with  all 
their  variation  of  stem,  foliage,  flower  and  fruit,  are  made 
from  a  comparatively  few  elements.  Of  the  eighty  dif- 
ferent elements  known,  the  following,  fourteen  in  num- 
ber, commonly  occur  in  plants :  Calcium,  carbon,  chlorine, 
hydrogen,  iron,  magnesium,  manganese,  nitrogen,  oxy- 
gen, phosphorus,  potassium,  silicon,  sodium  and  sulphur. 
In  regard  to  the  elements  found  in  plants,  we  notice  the 
following  general  points  of  interest : 

15 


l6  FERTILIZERS  AND  CROPS 

(i)  Unequal  proportions. — ^These  elements  occur  in 
very  unequal  amounts  in  the  vegetable  world.  For 
example,  carbon,  oxygen  and  hydrogen,  taken  together, 
alone  make  up  over  95  per  cent,  on  the  average,  of  all  plants. 

(2)  Unequal  importance, — ^These  14  elements  are  not  of 
equal  importance  to  plant  life.  .  It  has  not  yet  been  satis- 
factorily-demonstrated that  chlorine,  manganese,  silicon 
and  sodium  perform  any  necessary  function  in  plant 
growth,  unless,  perhaps,  in  isolated,  exceptional  and 
doubtful  cases. 

(3)  Number  of  essential  elements, — So  far  as  we  actu- 
ally know  at  present,  it  is  not  remote  from  the  truth  to 
say  that  only  10  chemical  elements  are  really  essential 
to  plant  growth  under  ordinary  conditions. 

(4)  Accidental  elements. — Other  elements,  though  in 
no  way  essential  to  plant  life,  occur  under  special  condi- 
tions more  or  less  frequently  in  plants ;  among  these  may 
be  mentioned  aluminum,  arsenic,  barium,  boron,  bromine, 
copper,  fluorine,  iodine,  lead,  lithium,  nickel,  tin  and  zinc, 
but  their  occurrence  is  a  matter  of  general  interest  rather 
than  agricultural  importance.  Such  substances  may  be 
regarded  as  straying  into  a  plant  without  purpose  or  plan 
simply  because  they  happen  to  be  in  solution  in  the 
neighborhood  of  growing  plant-roots  and  go  into  the 
plant  in  company  with  plant- food  proper  (p.  166). 

Air-derived  and  soil-derived  elements. — ^The  elements 
required  by  plants  are  divided  into  two  quite  distinct 
classes,  which  show  important  and  marked  differences. 
These  two  classes  are  air-derived  elements  and  soil* 
derived  or  mineral  elements,  as  shown  in  the  following 
grouping : 

(i)  Air-derived  elements:  Carbon,  Hydrogen,  Nitrogen, 
Oxygen. 

(2)  Soil-derived  elements:  Calcium,  Iron,  Magnesium, 
Phosphorus,  Potassium,  Sulphur  (Chlorine,  Manganese, 
Silicon,  Sodium). 
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These  two  classes  of  elements  differ  in  three  important 
points,  as  follows : 

(i)  Source, — ^The  elements  of  one  class  come  to  plants 
exclusively  from  the  air,  it  may  be  directly,  or  it  may  be 
indirectly  through  the  medium  of  the  soil.  Elements  of 
the  second  class  come  directly  and  exclusively  from  the 
soil. 

(2)  Effect  of  burning. — ^When  a  plant  is  completely 
burned,  the  air-derived  elements  disappear,  for  the  most 
part,  in  the  form  of  gases;  the  soil-derived  or  mineral 
elements,  usually  much  the  smaller  part,  are  left  in  the 
form  of  an  unburned  residue  or  ash,  upon  which  further 
heating  has  no  effect.  This  distinction  is  not  perfectly 
sharp,  since  some  oxygen  is  always  found  in  the  ash, 
while  a  small  amount  of  chlorine,  phosphorus  and  sul- 
phur may  be  driven  off  in  the  form  of  gases  during  the 
operation  of  burning. 

(3)  Proportions  in  plants. — Air-derived  elements  make 
up  over  95  per  cent,  of  the  whole  vegetable  kingdom, 
while  the  soil-derived  elements  occur  in  small  amounts, 
varying  in  different  plants  and  in  different  parts  of  the 
same  plant,  from  a  fraction  of  i  per  cent,  to  lo  per  cent., 
or  even  more  in  some  cases,  taking  the  plant  as  a  whole. 
The  following  figures  illustrate  the  preceding  statements ; 
the  percentages  are  based  on  dry  or  water-free  material : 

Table  i — Distribution  of  Air-Derived  and  Soil-Derived 

Elements  in  Plants 

Name  of  plant  Air-derived  elements       Soil-derived  elements 

Beets,  xoots  96.0  per  cent  4.0  per  cent 

M      leaves  86.0  **  14.0  ** 

Com  (maize),  leaves  and  stalks    94.5  **  5.5  ** 

"    grain  98.5  "  1.5  - 

Peas,  vines  and  pods  95.0  **  5  0  " 

•*    seeds  97.3  -  2.7  •• 

Oat8«  straw  93.0  "  7.0  " 

"    grain  97.0  -  3.0  •• 

Turnips,  roots  92.0  "  8.0  •• 

leaves  88.0  "  12.0  " 

Wlieat,  straw  94.5  **  5.5  •• 

r      grain  98.0  "  2.0  • 
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Because  the  soil-derived  elements  occur  in  small  pro« 
portions,  it  does  not  follow  that  their  presence  is  of  slight 
importance ;  in  their  absence  plants  could  not  grow.  This 
fact  has  a  most  important  application  in  enabling  us  to 
influence  the  yield  of  crops.  We  cannot,  to  any  appre- 
ciable extent,  directly  control,  at  least  economically,  most 
of  the  air-derived  elements  in  the  feeding  of  crops,  but 
we  can  do  so  indirectly  through  the  soil-derived  elements. 
In  other  words,  by  controlling,  under  certain  conditions, 
through  the  soil  5  per  cent.,  and  usually  less,  of  the  mate- 
rials that  enter  into  the  composition  of  plants,  we  can, 
in  large  measure,  control  the  other  95  per  cent. 

Elements  and  compounds. — ^The  chemical  elements  do 
not  commonly  exist  separately  from  one  another  as  pure 
elements.  While  we  are  familiar  with  impure  carbon  in 
the  form  of  coal  and  charcoal,  and  with  nitrogen  and 
oxygen  as  they  are  mixed  together  in  the  air,  we  never 
find  under  ordinary  conditions  elements  like  hydrogen,' 
phosphorus,  potassium,  etc.,  existing  separate  from  other 
elements.  Different  elements  combine  to  form  compounds 
somewhat  as  the  different  letters  of  the  alphabet  combine 
to  form  words.  The  few  chemical  elements  used  in  plant 
growth  exist  in  the  air  and  soil  in  the  form  of  compounds ; 
some  of  these  compounds  are  used  as  food  by  plants; 
after  being  taken  into  the  living  plant,  they  are  worked 
over  into  a  great  variety  of  new  compounds ;  and  these 
new  compounds,  which  have  been  formed  within  the 
plant,  are  more  or  less  regularly  grouped  or  mixed  to- 
gether in  a  great  variety  of  ways  in  the  processes  of 
plant-building.  The  elements  may,  therefore,  be  regarded 
as  the  raw  materials  fronr  which  plant-foods  come. 

Classes  of  chemical  compounds  in  plants. — As  a  matter 
of  general  interest,  we  will  briefly  mention  some  of  the 
more  important  and  common  kinds  of  chemical  com- 
pounds found  in  plants. 

(l)  Water. — ^This  is    the    most    abundant    compound 
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found  in  fresh  plants.    We  shall  discuss  this  compound 
more  fully  in  subsequent  pages  (pp.  145-160). 

(2)  Carbohydrates, — Jnder  the  general  term  of  carbo- 
hydrates is  included  a  most  important  and  widely  dis- 
tributed group  of  compounds,  each  containing  carbon, 
hydrogen  and  oxygen.  The  most  common  members  of 
this  class  are  sugar,  starch,  cellulose  (cotton,  flax,  wood, 
etc.),  vegetable  gums  (gum  arabic,  vegetable  mucilage 
of  seeds  like  flax  and  quince),  and  other  compounds  more 
or  less  familiar  and  useful. 

(3)  Proteins, — The  class  of  plant  compounds  known  as 
proteins  (also  often  called  proteids  and  albuminoids)  is 
distinguished  for  containing  constituents  of  great  value 
in  animal  nutrition.  In  addition  to  the  three  elements 
contained  in  carbohydrates  (carbon,  hydrogen  and  oxy- 
gen), plant  proteins  contain  nitrogen  and  generally  sul- 
phur, and  some  of  them  phosphorus  also.  As  familiar 
representatives  of  this  class,  we  have  gluten  (the  sticky 
portion  of  wheat  flour)  and  the  so-called  vegetable  casein 
of  beans  and  peas. 

(4)  Oils. — All  plants  contain  some  oil  or  oils,  many  of 
which  are  of  commercial  importance,  such  as  linseed,  cas- 
tor, olive,  cottonseed,  etc.  These  contain  the  elements, 
carbon,  hydrogen  and  oxygen,  but  in  relative  proportions 
different  from  those  occurring  in  carbohydrates. 

(5)  Acids, — Many  of  the  vegetable  acids  and  their 
acid  salts  are  important  articles  of  commerce.  Their 
presence  in  many  fruits  accounts  for  the  special  dietetic 
value  of  such  fruits.  Among  the  more  common  vege- 
table acids  are:  (a)  tartaric  acid,  found  in  grapes;  (b) 
citric  acid,  present  in  lemons,  currants,  cherries,  straw- 
berries and  similar  fruits;  (c)  malic  acid,  the  character- 
istic acid  of  apples,  tomatoes  and  several  small  fruits. 
These  acids  contain  the  elements,  hydrogen,  carbon  and 
oxygen,  combined  in  different  proportions. 
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(6)  Aromatic  substances. — Most  plants  possess  in  their 
flowers,  fruits,  leaves  and  roots  compounds  having  char- 
acteristic flavors.  These  are  due  frequently  to  volatile 
oils  (consisting  of  carbon  and  hydrogen),  such  as  oils 
of  turpentine,  lemon,  cinnamon,  almond,  etc.,  or  to  other 
special  plant  compounds,  among  which  may  be  mentioned 
the  characteristic  flavors  of  pineapple,  apple,  strawberry, 
banana,  wintergreen,  mints,  etc.,  which  usually  contain 
the  three  elements,  carbon,  hydrogen  and  oxygen. 

(7)  Medicinal  substances. — There  is  a  large  variety  of 
very  widely  distributed  substances  used  especially  for 
medicinal  purposes,  among  which,  for  example^  are  mor- 
phine (from  the  poppy),  quinine  (from  cinchona  bark), 
nicotine  (from  tobacco),  strychnine  (from  seeds  of 
strychnos  nux-vomica),  belladonna  (from  deadly  night- 
shade), etc. 

(8)  Mineral  compounds. — It  is  noticeable  that  the  pre- 
ceding classes  of  plant  compounds  are  made  up  chiefly  of 
air-derived  elements  and  are,  for  the  most  part,  among 
the  most  important  articles  of  commerce.  The  soil- 
derived  or  mineral  elements  are  present  in  the  plant 
largely  in  the  form  of  combinations  known  as  salts,  such 
as  carbonates,  chlorides,  phosphates  and  sulphates  of 
potassium,  calcium  (Hme),  magnesium,  iron,  sodium,  etc, 
(p.  106).  These  mineral  compounds  exist  in  the  tissues 
of  plants  in  three  general  forms:  (i)  In  solution  in  the 
plant  juice  or  sap,  (2)  in  the  form  of  crystals  in  plant 
cells,  and  (3)  as  incrustations  in  the  cell  walls. 

Relative  agricultural  importance  of  different  elements.— 
While  the  absence  of  any  one  essential  constituent 
seriously  impairs  or  wholly  prevents  plant  growth,  there 
is  a  sense  in  which  some  of  the  soil-derived  elements  are 
of  much  greater  agricultural  importance  than  others. 
Certain  ones  are  more  extensively  used  by  crops  and 
sooner  or  later  require  special  attention  in  the  way  of 
increasing  the  available  supply,  while  others  are  used  in 
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such  small  amounts,  relative  to  the  available  supply,  that 
they  rarely  need  attention.  The  elements  of  such  special 
importance  are  the  following:  Nitrogen,  Phosphoru8| 
Potassium  and  Calcium. 


CHAPTER  III 

SOME  FUNDAMENTAL  FACTS  OF  CHEMISTRY' 

As  material  for  study  in  the  case  of  anyone  who  desires 
to  gain  an  understanding  of  a  few  chemical  facts  of 
importance,  and  as  a  source  of  reference  for  those  who 
wish  to  refresh  their  previous  knowledge,  we  will,  before 
continuing  our  study  of  the  sources,  compounds  and  func- 
tions of  plant-food  elements,  present  briefly  some  of  the 
simpler,  fundamental  facts  of  chemical  combination, 
which  have  a  direct  bearing  on  the  subject  of  plant-foods 
in  some  of  their  chemical  relations.  We  shall  try  to 
explain,  necessarily  in  a  superficial  and  simple  way,  the 
meaning  and  use  of  chemical  symbols  and  names ;  it  is 
desirable  to  get  some  idea,  even  though  crude  and  limited, 
of  what  IS  meant  by  such  terms  as  acid,  alkali,  base,  salt, 
chemical  neutralization,  reaction,  etc. 

Symbols  and  combining  proportions  of  elements. — As 
a  matter  of  convenience  in  saving  the  labor  of  writ- 
ing in  full  the  names  of  elements  and  chemical  com- 
pounds every  time  they  are  used,  a  kind  of  chemical 
short-hand  system  has  been  adopted,  in  which  the  name 
of  each  element  is  represented  by  a  characteristic  symbol, 
consisting  of  the  first  letter  or  letters  of  the  name  of  the 
element;  and  where  the  English  name  differs  from  the 
Latin  name,  the  letters  of  the  symbol  are  taken  from  the 
Latin  form.  In  the  table  following,  we  include  simply 
those  elements  in  which  we  are  interested. 


iPor  those  who  do  not  desire  any  knowledge  of  chemistry,  this  chapter  may  be 
omitted  in  reading.  For  others  who  desire  to  become  acquainted  with  some  of  the 
simpler  fundamental  facts  of  chemistry,  such  as  will  give  them  a  clearer  understanding 
of  the  various  relations  of  plant-foods,  this  chapter  is  ecommended  for  serious  study, 
especially  in  connection  with  subsequent  chapters.  It  will  be  well  to  refer  to  it  from 
time  to  time  until  its  contents  are  lamiliar.  Teachers  using  the  book  in  class  work 
with  students  who  have  not  studied  chemistry  can  exercise  their  judgment  as  to  the 
way  in  which  this  chapter  shall  be  used.  For  a  complete  understanding  of  parts  oi 
Chapter  IV,  this  chapter  is  necessary. 
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We  have  mentioned  the  fact  that  elements  combine  to 
form  compounds ;  it  is  a  fact  of  great  importance  that  in 
combining  with  one  another,  elements  unite  in  certain 
definite  weights  or  proportions.  Each  chemical  com- 
pound always  contains  the  same  elements  in  exactly  the 
same  proportions.  By  analyzing  large  numbers  of  the 
compounds  of  different  elements,  a  number  has  been 
found  for  each  element  which  represents  the  proportion 
by  weight  in  which  it  enters  into  combination  with 
others.  In  the  following  table  we  give  the  names  of  those 
elements  in  which  we  are  interested,  their  symbols  and 
their  approximate  combining  weights. 

Table  2 — Names,  Symbols  and  Combining  Weights  op 

Chemical  Elements 


Name  of  element 

Symbol 

Combining  weis^t 

Hydrogen 

H 

1 

Cazbon 

C 

12 

Nitrogen 

N 

14 

Oxygen 

Sodium  (Latin,  NatHum} 

0 

Na 

16 

23 

Magnedtun 

Mg 

24 

Aluminum 

Al 

27 

SiUtron 

SI 

28J 

Phosphorus 

P 

31 

Sulphur 

S 

32 

Chlorine 

CI 

3S.S 

Potassium  (Latin,  Kaliumt 

R 

39 

Caldum 

Ca 

40 

Manganese 

Mn 

55 

Iron  (Latin,  Ftrrum) 

Fe 

50 

The  chemical  symbol  of  an  element  Is  seen  to  stand  for 
two  things,  (ist)  for  the  name  of  the  element  and  (2d) 
for  the  combining  weight.  We  will  explain  more  fully 
the  point  of  combining  weights.  The  compound  known 
chemically  as  sodium  chloride,  which  is  familiar  to  us  as 
common  salt,  has  its  composition  shown  by  the  symbol 
or  formula,  NaCl,  in  which  23  parts  by  weight  of  sodium, 
its  combining  weight,  are  always  combined  with  35.5 
parts  by  weight  of  chlorine,  no  more  and  no  less,  35.5 
being  the  combining  weight  of  CI.  In  calcium  oxide,  com- 
monly known  as  lime,  the  symbol  or  formula,  CaO,  means 
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that  40  parts  by  weight  of  calcium  are  always  united  with 
exactly  16  parts  by  weight  of  oxygen.  It  should  be  stated 
further  that  the  combining  weight  always  represents  the 
smallest  amount  of  an  element  that  enters  into  combina- 
tion. In  other  words,  we  do  not  have  half  of  a  combining 
weight  but  always  the  full  value  given  in  the  table  above. 
This  fact  depends  upon  certain  reasons  which  we  cannot 
take  time  to  discuss.  Taking  i  as  the  combining  weight 
of  hydrogen  (H),  the  lightest  element,  the  other  com- 
bining weights  are  those  stated  in  Table  2. 

In  many  compounds,  one  or  more  elements  may  be 
combined  in  a  proportion  representing  two  or  more  times 
the  combining  weight  given  in  the  preceding  table.  For 
example,  in  the  case  of  water  we  have  2  parts  by  weight 
of  hydrogen  (H)  and  16  parts  by  weight  of  oxygen  (O)  ; 
this  IS  conveniently  expressed  by  the  formula,  H2O 
(equal  to  HHO).  Whenever  an  element  is  used  in  pro- 
portions representing  more  than  one  combining  weight, 
this  fact  IS  expressed  by  writing  the  corresponding  num- 
ber below  and  at  the  right  hand  of  the  symbol  of  the 
element.  This  is  further  illustrated  in  the  case  of  nitric 
acid,  HNO3  (equal  to  HNOOO),  in  which  we  have  i 
part  (l  combining  weight)  of  hydrogen,  14  parts  (l  com- 
bining weight)  of  nitrogen  and  48  parts  (3  combining 
weights,  3X16)  of  oxygen.  Again,  in  the  compound 
sodium  phosphate,  Na3P04  (equal  to  NaNaNaPOOOO), 
we  have  3  combining  weights  of  sodium,  i  of  phosphorus 
and  4  of  oxygen;  or,  expressed  in  parts  by  weight,  69 
(23X3)  parts  of  sodium,  31  parts  of  phosphorus  and  64 
( 16X4)  parts  of  oxygen. 

In  this  connection,  it  is  desirable  to  point  out  a  mistake 
that  IS  often  made  in  respect  to  the  meaning  of  chemical 
formulas  by  those  who  have  not  studied  chemistry.  Take 
for  illustration  the  compound  last  mentioned,  Na3P04; 
by  some  this  would  erroneously  be  taken  to  mean  3  parts 
of  sodium,  I  part  of  phosphorus  and  4  parts  of  oxygen. 
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which  is  very  far  from  the  truth,  since  the  symbol  of  an 
element  stands,  not  for  equal  parts,  but  for  combining 
weights,  and  no  two  elements  have  the  same  combining 
weight.  If  the  combining  weights  of  diflferent  elements 
were  the  same,  then  it  would  be  proper  to  speak  of  the 
symbols  in  the  formula  Na3P04  as  representing  3,  i  and 
4  parts  respectively  of  the  elements  in  question ;  but  since 
these  symbols  represent  diflferent  weights,  the  compound 
contains  by  weight,  as  a  matter  of  fact,  69  parts  (3  com- 
bining weights)  of  sodium,  31  parts  (l  combining 
weight)  of  phosphorus  and  64  parts  (4  combining 
weights)  of  oxygen. 

How  to  calculate  percentages  of  elements  in  a  com- 
pound—When we  know  ( i )  the  chemical  formula  of  any 
compound  and  (2)  the  combining  weight  of  each  element 
in  the  compound,  we  can  easily  calculate  the  percentage 
of  each  constituent  element  Take,  for  illustration,  potas- 
sium chloride  (muriate  of  potash) ;  its  composition  is 
expressed  by  the  symbol  KCl,  containing,  according  to 
the  combining  weights  given  on  page  23,  39  parts  by 
weight  of  K  and  35.5  parts  of  CI.  In  order  to  find  the 
percentage  of  each  element  in  KCl,  we  add  the  combining 
weights  of  the  K  and  CI,  multiply  each  by  100  and  then 
divide  each  result  by  the  sum  of  the  combining  weights 
of  K  and  CI.  The  operations  can  be  conveniently  shown 
as  follows : 

Oj  -  ^^^    -0-35.5 


StuB of  CflBiNniBgiwiriita  of  K -h 01  ■■  74.5 
m  39  X  100+74.5  -  52.3 
035^X100-1-74^-47.7       ""  '-    CL 


52.3  tha  penentafli  of  E  In  KCl 


We  will  take  three  other  cases  for  further  illustration : 
(i)  Sodium  nitrate  (nitrate  of  soda),  (2)  potassium  sul- 
phate and  (3)  calcium  phosohate. 
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Example  i, — Find  the  percentages  of  different  elements 
in  sodium  nitrate,  NaNOa. 

Combining  weight  of  Na «-  23 

••    N  «-  14 
••  "       "    Os»4S(16X9 


Sam  of  combining  weights  of  Na  +  N  +  Os  -  85  .»,..,  .,^ 

(Na)  23  X  100  -»-  85  a  27.  the  percentage  of  Na  in  NaNOs 
(N)    14X100+85-16.5    "  "    N  " 

(03)48X100  +  85-56.5    *•  -    q  "       " 

Example  2. — Find  the  percentages  of  different  elements 
in  potassium  sulphate,  K2SO4. 

Combining  weight  of  Ka  -  78  (59  X  9 
**  **       **     S     ^  32 

"      "     04-64(16X4) 

8am  of  combining  weights  of  K2  +  S  +  O4  -  174 

(K2)    78  X  100  +  174  -  44.8, the percenta  eof '   InEsSOi 
(S)       32X100+174-18.4      "  "      i"      " 

(Oi)     64X100+174-36.8      *•  *       O"      " 

Example  3. — Find  the  percentages  of  different  elements 
in  calcium  phosphate,  CasPoOg. 

ri)  Ckunbining  weight  of  Ca3  -  120  (40  X  5) 

[3  ••  •*     Ps    -    62  (31  X  2) 

••     08    «  128  (16  X  8) 

8um  of  combining  weights  of  Gas  +  Ps  +  Os  *-  310 

(Ca3)     1 20  X  100+310  -38.7.  percentage  of  Cain  (^PsOb 
(P2)         62X100+310  -20.0.         "         ••    p    -        « 
i08)       128X100+310  -41.3,         *•        ••    Q    **       ** 

A  careful  study  of  the  preceding  examples  will  enable 
one  easily  to  make  use  of  the  following  rule :  To  find  the 
percentage  of  any  constituent  of  a  chemical  compound, 
when  the  chemical  symbol  or  formula  is  known,  first  find 
in  Table  2  the  combining  weight  for  each  element  repre- 
sented in  the  compound,  taking  the  combining  weight  of  each 
clement  as  many  times  as  is  indicated  in  the  formula.  Add 
the  combining  zveights  thus  obtained.  Then  divide  this  sum 
into  the  combining  weight  or  weights  of  each  element  pres^ 
ent,  multiplied  by  lOO. 

Chemical  action  of  acids  and  bases. — Caustic  soda  or 
soda  lye,  a  material  familiar  in  many  common  uses,  is 
known  in  chemistry  as  sodium  hydroxide,  having  the  com- 
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position  represented  by  the  symbol  NaHO;  it  is  also 
known  as  a  hase^  an  alkali,  and  an  alkali  base^  the  meaning 
of  which  terms  we  will  consider  later.  This  substance, 
when  added  to  an  acid,  produces  some  very  noticeable 
changes.  For  example,  if  we  add  together  solutions  of 
some  nitric  acid  (HNO3)  and  of  sodium  hydroxide  in 
certain  proportions,  we  shall  have  as  a  result  neither 
nitric  acid  nor  sodium  hydroxide,  but  a  new  compound, 
sodium  nitrate  (NaNOa),  which  has  been  formed  by  the 
action  of  the  acid  and  alkali  upon  each  other.  The  nitric 
acid  used  in  the  experiment  tastes  sour  and  biting,  while 
the  caustic  soda  solution  has  a  peculiar  odor  and  feels 
soapy  on  the  hands,  and,  if  concentrated  enough,  destroys 
or  "  eats  "  the  skin.  After  these  two  compounds  in  solu- 
tion are  brought  together  in  the  right  proportions,  there 
can  be  no  longer  observed  any  sour  taste  of  acid,  or  soapy 
feeling,  or  alkali  odor  of  the  caustic  soda,  because  the 
acid  and  alkali  have  neutralised,  or  in  popular  language 
"  killed,"  each  other,  which  means  that  they  have  com- 
bined to  form  entirely  new  compounds ;  in  this  case  the 
new  compounds  are  water  (H2O)  and  sodium  nitrate 
(NaNOa),  this  latter  belonging  to  a  class  of  chemical 
compounds  known  as  salts.  The  presence  of  the  nitrate 
is  readily  perceived  by  its  characteristic  salty  taste.  This 
chemical  change  or  reaction  can  be  represented  by  means 
of  a  chemical  equation,  as  follows : 


Na 


HO     +       H  I   N08       -       NaNOs       +      HiO 


Sodium  Nitric  Sodium  Water 

hydroodde  acid  nitrate 

A  good  many  important  and  practical  facts  of  chemis- 
try are  illustrated  by  this  simple  change.  We  are  at  once 
met  by  such  questions  as  the  following:  What  is  a  base 
or  an  alkali?  What  is  an  acid?  What  kind  of  a  product 
is  formed  in  bringing  together  a  base  or  an  alkali  a^ad  an 
acid? 

Acid,   alkaline  and  neutral   reactions. — ^We  will   first 
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inquire  how  we  can  tell  a  solution  of  a  base  from  one  of 
an  acid  in  a  practical  way.  This  is  done  by  means  of 
some  coloring  substance,  called  an  indicator,  which  is 
so  acted  on  by  alkalis  and  acids  as  to  undergo  changes 
of  color,  producing  one  color  with  alkalis  and  a  different 
color  with  acids.  For  example,  one  substance  in  common 
use  as  an  indicator  is  the  dyestuff  known  as  litmus^  which 
is  blue.  If  we  put  a  few  drops  of  a  litmus  solution  in 
some  water  and  then  add  one  or  two  drops  of  some  acid, 
the  color  changes  to  red.  If  now  the  red  solution  is 
treated  with  a  few  drops  of  a  solution  of  a  base  like 
sodium  hydroxide,  the  red  color  disappears  and  the  solu- 
tion again  becomes  blue.  For  ordinary  uses,  such  as 
testing  acidity  of  soils  (p.  142),  litmus  is  used  in  the  form 
of  strips  of  paper  colored  red  or  blue  with  litmus  dye. 
To  use  litmus  paper  for  the  purpose  of  testing  whether 
a  substance  is  basic  (alkaline)  or  acid,  a  strip  each  of 
blue  litmus  and  red  litmus  paper  is  put  into  the  solution 
tested;  if  the  blue  strip  changes  to  red,  the  solution  is 
acid ;  if  the  red  changes  to  blue,  the  solution  contains  a 
base  or  alkali ;  if  neither  color  changes,  the  solution  con- 
tains neither  acid  nor  alkali.  The  behavior  of  any  solu- 
tion to  litmus,  or  to  any  other  indicator  used  for  acids 
and  alkalis,  is  described  by  calling  it  (i)  acid,  (2)  alkaline 
or  basic,  or  (3)  neutral.  The  reaction  is  acid  when  blue 
litmus  is  changed  to  red ;  it  is  alkaline  or  basic,  when  red 
litmus  is  changed  to  blue ;  and  it  is  neutral  when  the  color 
of  neither  red  nor  blue  is  changed.  A  reaction  is  called. 
strong  when  the  color  change  is  quick  and  very  pro- 
nounced. Solutions  reacting  thus  are  called  strongly  acid 
or  strongly  alkaline.  A  reaction  is  called  weak  when  the 
color  change  is  slow  or  not  very  pronounced.  Solutions 
acting  thus  are  said  to  be  weakly  acid  or  weakly  alkaline. 
The  strong  or  weak  character  of  the  reaction  of  a  solu- 
tion depends  primarily  upon  the  amount  of  the  alkali  or 
acid  in  solution. 
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Making  application  of  these  statements  to  the  illus- 
tration  given  above  in  the  action  of  sodium  hydroxide  and 
nitric  acid,  sodium  hydroxide  turns  red  litmus  blue  and  is 
alkaline  or  basic  in  reaction ;  nitric  acid  turns  blue  litmus 
red  and  its  reaction  is  acid;  the  mixture  of  water  and 
sodium  nitrate,  which  are  the  products  formed  by  the 
action  of  sodium  hydroxide  and  nitric  acid,  has  no  effect 
upon  either  red  or  blue  litmus  and  is  therefore  neutral 
in  reaction. 

We  are  now  better  prepared  to  take  up  for  more 
detailed  consideration  the  chemical  character  of  sub- 
stances such  as  bases,  acids  and  the  products  formed  by 
the  action  of  bases  and  acids. 

Bases  are  compounds  which  have  the  power  of  neutral- 
ising acids  and  thereby  forming  neutral  salts.  The  com- 
pounds that  act  most  commonly  as  bases  are  the  hydrox- 
ides and  oxides  of  certain  elements  known  as  metals, 
v/hich  are  called  base-forming  elements.  The  bases  of 
most  interest  to  us  are  the  following: 

Table  3 — Names  and  Symbols  of  Common  Bases 

Comxnofi  tiam6 

Caustic  soda 

Catistic  potash 

Ammonia  water 

Slaked,  caustic  or  hydrated  lime 

Lime,  qiucklime,  etc. 

Hydxated  magnesia 

Magnesia 

Attention  should  be  called  to  the  ammonium  compound. 
The  elements  nitrogen  and  hydrogen,  taken  in  the  pro- 
portions represented  by  the  symbol  NH4,  act  together  as 
if  one  element,  and  the  combination  resembles  metals  in 
forming  basic  and  other  compounds. 

(i)  Alkalis. — Of  the  different  bases  mentioned  in  the 
preceding  list,  potassium,  sodium  and  ammonium  hydrox- 
ides are  called  alkalis  or  alkali  bases;  their  solutions  have 
a  strongly  alkaline  reaction,  as  shown  by  quickly  chang- 


Nameaftxtte 

Symbol 

Sodium  hydroxide 

NaHO 

Potassium  hydroxide 
Ammonium  hydroxide 

KHO 

(NH4)H0 
CaHsOs 

Calcium  hydroxide 

Calcium  oxide 

CaO 

Magnesium  hydroxide 

MgHsOs 

Magnesium  oxide 

MgO 
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ing  red  Htmus  to  blue,  even  when  present  in  small 
amounts.  The  alkalis  possess  very  marked  power  in  neu- 
tralizing acids,  and  for  this  reason  are  said  to  be  strong 
bases  or  strongly  basic. 

(2)  Alkaline  earths. — Calcium  and  magnesium  belong 
to  a  group  of  elements  often  called  alkaline  earths,  because 
their  oxides  and  hydroxides  have  an  alkaline  reaction. 
While  their  power  to  neutralize  acids  is  not  so  g^eat  as 
that  of  the  alkalis,  they  are  more  strongly  basic  than  are 
the  bases  of  many  other  metals. 

(3)  Carbonates  with  basic  power. — ^The  compounds 
known  as  carbonates  have  the  power  to  neutralize  acids 
and  are  therefore  basic.  The  alkali  carbonates  have  an 
alkaline  reaction,  changing  red  litmus  to  blue.  The  most 
important  carbonate  in  agriculture  is  calcium  carbonate, 
CaCOg  (carbonate  of  lime),  on  account  of  its  vital  rela- 
tions to  soils  and  crops  (p.  373).  The  action  of  carbon- 
ates and  acids  is  illustrated  by  the  reaction  represented 
in  the  following  equation,  in  which  the  neutral  compound, 
calcium  nitrate,  is  formed  as  the  most  important  product 
of  the  reaction. 

CaCOs      +      2HN08      -       Ca(N0«9      +      HsO      -|-      CQl 
Calctmn  Nitric  Caldum  Water  Caiboa 

carbonate  add  mtrate  dioxide 

Acids  are  compounds  which  have  the  power  to  neutralize 
bases  and  thereby  form  neutral  salts;  solutions  of  acids  turn 
blue  litmus  red.  For  our  purpose,  acids  can  be  regarded 
as  consisting  of  two  chemical  parts,  (a)  the  element 
hydrogen  (H)  and  (b)  an  acid-radical,  consisting  of 
one  or  more  acid-forming  elements.  For  example,  hydro- 
chloric acid,  HCl,  consists  of  (a)  H  and  (b)  CI  (acid- 
radical)  ;  nitric  acid,  HNO3,  consists  of  (a)  H  and  (b) 
NO3  (acid-radical) ;  sulphuric  acid,  H2SO4,  consists  of 
(a)  H2  and  (b)  SO4  (acid-radical) ;  phosphoric  acid, 
H3PO4,  consists  of  (a)  H3  and  (b)  PO4  (acid-radical). 

These  compounds  are  often  spoken  of  as  free  acids ;  by 
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this  is  meant  an  acid  unneutralized,  or  the  acid  itself^ 
uncombined  with  any  other  element  or  elements,  in  dis- 
tinction from  a  neutralized  acid,  or  an  acid  in  combina- 
tion as  a  salt. 

In  Table  4  (p.  32)  we  give  a  list  of  the  acid-forming 
elements,  together  with  the  formulas  and  names  of  those 
acids  which  possess  special  interest  for  us  in  our  study  of 
plant-food  materials. 

Salts. — We  will  next  inquire  what  kind  of  a  product 
is  the  chief  one  formed  when  bases  and  acids  act  on  each 
other.  We  have  already  learned :  ( i )  That  a  base  consists 
of  some  basic  element,  generally  a  metal,  in  union  with 
OH  (forming  an  hydroxide)  or  with  O  (forming  an 
oxide) ;  (2)  that  acids  are  made  up  of  (a)  hydrogen  (H) 
in  union  with  (b)  an  acid-radical  consisting  of  one  or 
more  acid-forming  elements. 

Now,  when  we  bring  acids  and  bases  together,  we 
obtain,  as  the  result  of  the  chemical  change,  two  prod- 
ucts, (ist)  water  (H2O),  and  (2d)  a  compound  consisting 
of  the  metal  of  the  base  combined  with  the  acid-radical  of 
the  acid;  compounds  made  up  in  this  way  are  called  salts. 
Let  us  illustrate  these  statements  by  means  of  some  reac- 
tions of  bases  and  acids,  as  represented  by  the  following 
equations : 

Bases Acicls  Salts 

€D    Ka  I  HO    +    h|  a       -       Naa      +     HsO 

Sodium         Hydrochloric  Sodium  Water 

hydroxide     acid  chloride 

(0    Ca  I  H20a  +  H2 1  COs    -       CaCOs   +    2H2O 

Calcium        Carbonic  Calcium         Water 

hyc^xide    acid  carbonate 


C3)    Na 


HO    +    H 


N08    -       NaNOa    +    H2O 


Sodium                Nitric  Sodium          Water 

hydroxide            acid  nitrate 

(4)    2K  I  HO  +  Ha"!  ^^  "       ^^^    "**    ^^^ 

Potassium      Sulphuric  Potassium     Water 

hydroxide      acid  sulphate 
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In  examining  the  preceding  equations,  we  observe  that 
in  each  case  there  is  formed,  in  addition  to  water,  a  salt, 
consisting  of  (a)  the  metal  of  the  base  combined  with 
(b)  the  acid-radical  of  the  acid.  The  hydrogen  of  the  acid 
combines  with  the  hydrogen  and  oxygen  (HO)  of  the 
base  to  form  water  (H2O) ;  the  metal  of  the  base,  in 
forming  a  salt,  takes  the  place  of  the  hydrogen  of  the 
acid. 

Many  of  the  substances  with  which  we  have  to  deal  in 
connection  with  plant-foods  belong  to  this  class  of  chemi- 
cal compounds,  which  we  call  salts. 

Names  and  s3niibols  of  acids  and  salts. — ^The  scope  of 
our  brief  and  fragmentary  treatment  of  the  chemical  facts 
under  consideration  does  not  permit  us  to  go  into  full 
details  in  regard  to  the  method  of  naming  chemical  com- 
pounds and  of  writing  their  symbols.  The  following 
tabulated  arrangement  gives  (i)  the  names  of  the  acid- 
forming  elements,  (2)  the  names  and  symbols  of  the 
more  common  acids  formed  from  them,  and  (3)  the 
names  of  the  salts  corresponding  to  the  acids.  This  table, 
together  with  Table  5,  will  be  found  useful  for  future 
reference. 

Table  4 — ^Acid-Forming  Elements  and  Some  of 

Their  Acids 


Add-forming 
tiementa 


Chlorine 
Nitrogen 

Sulphur 

Carbon 
Silicon 
Phosphorus 
Oxygen 


Names  and  tymbola  of  adds 


Hydro-chlor-ic  HCI 

Nitr-ic  HN0« 

( Hydro-sulphur-ic  HsS 

( Sulphur-ic  H2SO4 

Carbon-ic  H2COS 

SiUc-ic  HsSiOs 

Phoephor-ic  H8PO4 


Names  of  salts  formed 
from  adds 


Chlorides 

Nitrates 

Sulphides 

Sulphates 

Carbonates 

Silicates 

Phosphates 


In  discussing  the  data  contained  in  this  table,  we  wish 
to  call  attention  to  the  following  points: 
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(i)  Names  of  acids. — The  names  of  all  acids  end  in  the 
syllable  ic,  which  is  added  to  the  full  or  the  shortenefl 
name  of  the  acid-forming  element  in  the  acid.  In  the 
case  of  acids  containing  no  oxygen,  like  HCl  and  H2Sy 
the  name  is  formed  by  placing  before  the  name  of  the 
acid-forming  element  the  syllable  hydro-^  and  after  the 
element  the  syllable  -»V;  for  example,  hydro-chlor-ic  acid, 
hydro-sulphur-ic  acid. 

It  may  be  stated  that  in  addition  to  these  two  simple 
forms  of  acids  there  are  many  other  kinds  formed  from 
these  same  elements,  distinguished  by  special  modifica- 
tions of  composition  and  name,  but  we  confine  our  atten- 
tion to  the  forms  of  most  interest  to  us. 

We  may  also  notice,  in  passing,  that  the  element  oxy- 
gen is  present  along  with  some  other  acid-forming  ele- 
ment in  most  acids;  the  name  oxygen,  derived  from  two 
Greek  words,  means  acid-producing.  The  presence  or 
absence  of  oxygen  in  an  acid  is  shown  by  iJie  name  of 
the  acid,  as  previously  explained. 

(2)  Names  of  salts. — Salts  derived  from  the  oxygen- 
containing  acids  in  the  list  are  designated  by  using  first 
the  name  of  the  metal  in  the  salt  and  adding  to  this  the 
name  of  the  acid,  changing  the  last  syllable  from  -ic  to 
-ate.  Salts  derived  from  the  acids  in  the  list  containing 
no  oxygen  are  similarly  named,  except  that  they  end  in 
the  syllable  -ide  instead  of  -ate ;  the  prefix  hydro-  in  the 
name  of  the  acid  is  dropped  in  naming  the  salt. 

(3)  Symbols  of  salts. — Every  metal,  or  base-forming 
element,  or  group  of  elements  (like  NH4,  for  example) 
can  form  a  salt  with  every  acid,  at  least  in  theory.  In  the 
list  below,  we  give  as  a  matter  of  convenience  for  refer- 
ence the  symbols  of  some  salts,  many  of  which  will 
sooner  or  later  come  to  our  attention  in  our  future  study. 
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Table  s — Salts  Formed  by  Metals  and  Acids 

Salts  of 
Sodiuin 

Salts  of 
Potasdum 

Salts  of 
AmmoDiiim 

Salts  of 
Caldom 

Salts  of 
Magnesiuni 

Names  of 
Salts 

NaO 

NaNOs 

NasS 

Na2S04 

NasCOs 

KafSiOs 

Na8P04 

KN08 

KsS 

K9SO4 

KsCOs 

KsSiOs 

K8PO4 

NH4CI 
NH4NO8 
NH4)28 

NH4)9S04 

NH4)8C08 

<NH4)2Si08 

(NH4)8P04 

CaCls 

CaS04 
CaCOs 
CaSiOB 
Ca8(P04)a 

MgCls 

MgS04 
MgCOs 
MgSiOs 
M83(P04)8 

Chloride 

Nitrat- 

Sulphide 

Sulphate 

Carbonate 

SiUcate 

Phosphate 

We  will  give  a  brief  explanation  of  how  to  use  this 
table  in  finding  the  name  corresponding  to  the  symbol 
of  a  salt,  or  in  finding  the  symbol  of  a  salt  when  the  name 
is  given.  It  may  be  stated  that,  as  a  general  rule,  the 
chemical  name  of  a  salt  is  intended  to  express  the  com- 
position as  closely  as  possible. 

(a)  Finding  name  of  a  salt :  To  find  the  name  of  the 
salt  corresponding  to  any  symbol  in  the  table,  take  first 
the  name  of  the  metal  at  the  head  of  the  column  in  which 
the  formula  occurs  and  then  add  to  it  the  name  in  the 
last  column  opposite  the  symbol.  For  example,  to  find 
the  name  of  the  salt  whose  symbol  is  Na2S04,  we  find 
sodium  at  the  head  of  the  column  and  sulphate  in  the  last 
column  opposite ;  the  name  of  the  salt  is  sodium  sulphate. 
Similarly,  we  find  the  name  corresponding  to  K3PO4  to 
be  potassium  phosphate;  (NH4)2C03,  ammonium  car- 
bonate, etc. 

(b)  Finding  symbol  of  a  salt:  To  find  the  symbol  cor- 
responding to  any  given  name  of  a  chemical  salt  in  the 
list,  we  look  in  the  column  under  the  name  of  the  metal 
contained  in  the  salt  and  then  go  down  the  column  until 
we  come  to  the  symbol  opposite  the  name  in  the  last 
column  that  corresponds  to  the  second  part  of  the  salt. 
For  example,  the  formula  for  sodium  phosphate  is  found 
in  the  column  headed  sodium  in  the  line  opposite  the 
word  phosphate  of  the  last  column ;  it  is  Na3P04. 

(c)  Uniting  or  combining  power  of  metals  and  acid« 
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radicals  as  shown  by  acids  and  salts:  One  can  readily 
write  all  the  symbols  of  salts  in  the  table  by  committing 
to  memory  the  three  following  statements : 

(i)  In  case  of  acids  containing  one  H,  as  HCl  and 
HNO3,  (me  acid-radical  (-C1  or  -NO3)  combines  with  one 
Na  or  K  or  NH^^ ;  while  two  (-CI2,  -(N03)2)  are  required 
to  unite  with  one  Ca  or  Mg. 

(2)  In  case  of  acids  containing  two  H,  as  H2S,  H2SO4, 
112003,  etc.,  one  acid-radical  (-S  or  -SO4  or  -CO3,  etc.) 
combines  with  two  of  Na,  K  or  NH4  (Na2,  K2, 
(NH4)2);  while  one  acid-radical  requires  only  one  Ca 
or  Mg. 

(3)  In  case  of  acids  containing  three  H,  as  H3PO4,  one 
acid-radical  (-PO4)  combines  with  three  of  Na,  K  or 
NH4,  (Na3,  K3,  (NH4)3) ;  while  with  Ca  or  Mg  two 
acid-radicals  (  (P04)2)  combine  with  three  Ca  or  Mg 
(Ca3,  Mg3), 

The  combination  of  Ca  and  Mg  with  '•PO4  is  not  as 
easily  tmderstood  as  the  others,  and  we  will  now  try  to 
show  why  we  take  Ca3  and  (P04)2  in  writing  the 
symbol  of  calcium  phosphate.  The  combining  power  of 
Ca  is  2  in  comparison  with  -PO4  as  3,  or  one  -PO4  equals 
iJ^Ca;  but  since  we  cannot  have  a  fraction  connected 
with  a  symbol,  such  as  Cai  1-2PO4  ,we  make  the  number 
even  by  multiplying  both  iViCa  and  PO4  by  2,  which 
gives  us  Ca3(  1*04)2.  Explained  another  way,  Ca  has  a 
combining  power  equal  to  H2 ;  one  Ca  would  not  be  suf- 
ficient to  equal  H3  in  H3PO4  and  Ca2  would  equal  H4 
or  more  than  H3,  but  taking  H3PO4  twice,  we  have 
He(P04)2,  and  He  just  equals  the  combining  power  of 
Ca3,  giving  Cas  (P04)2.  This  point  has  been  dwelt  upon, 
because,  if  possible,  it  is  desirable  to  understand  this  and 
other  compounds  of  phosphoric  acid. 

(4)  Acid  salts. — In  the  case  of  acids  having  more  than 
one  H,  it  is  possible  to  form  two  different  salts  with  the 
same  metal.    For  example,  sulphuric  acid  can  form  two 
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salts  With  potassium,  one  of  which  is  contained  in  the 
preceding  table,  viz.,  K2SO4,  in  which  H2  of  H2SO4  has 
been  replaced  by  K2 ;  the  other  potassium  salt  is  formed 
by  replacing  one  H  of  the  acid  by  one  K  and  leaving  one 
H,  making  KHSO4,  which  is  known  as  potassium  acid 
sulphate  or  potassium  hydrogen  sulphate.  Such  salts 
usually  have  an  acid  reaction. 

In  connection  with  our  study  of  plant-foods,  the  most 
important  case  of  acid  salts  is  in  connection  with  phos- 
phoric acid,  H3PO4.  This  can  form  three  different  salts 
with  metals  depending  on  whether  the  metal  replaces 
the  H3  completely  or  only  in  part.  For  example,  sodium 
can  form  three  salts  with  phosphoric  acid,  because  we  can 
put  the  element  Na  one,  two  or  three  times  in  place  of 
hydrogen  (H3),  which  is  shown  as  follows: 

HHHPO4  or  H8PO4  Phosphoric  acid 

NaHHP04.  NaH2P04,   one-sodiuxn  phosphate,  or  sodiiam  acid  phosphate 
NaNaHP04,  NasHPOi.  two-sodium  phosphate,  or  disodium  hydrogen  phosphate 
(4)  NaNaNaP04»  NasPOi,  three-sodium  phosphate,  or  neutral  sodium  phosphate 

When  we  come  to  study  the  calcium  salts  of  phos- 
phoric acid  in  fertilizers,  we  find  an  important  use  of 
acid  salts.  Calcium  forms  three  different  phosphates  with 
phosphoric  acid.  The  formation  of  these  salts  is  of  the 
same  character  as  shown  above  in  case  of  sodium,  except 
that  since  one  Ca  equals  H2  and  has  double  the  combin- 
ing power  of  Na,  we  use  twice  as  much  phosphoric  acid, 
2H3PO4.  The  following  arrangement  illustrates  the 
relations  of  these  salts: 


a) 


2HsP04  or  H6(P04)s.        Phosphoric  add 


HeCPpOs.        Phosphoric  add 

CaH4(P04)8,    one-caldum  phosphate,  or  mono-caldum  phosphate 

(soluble,  p.  45) 

(3)  CasHs(P04)2»  two-calcium  phosphate,  or  di-caldum  phosphate 

(reverted,  p.  45) 

(4)  Cas(P04)s,       three- caldiun  phosphate,  or  tri-caldum  phosphate 

(insoluble,  p.  45) 

Complex  and  simple  compounds. — We  shall  have  occa- 
sion to  use  the  terms  simple  and  complex  with  reference 
to  chemical  compounds,  and  it  is  desirable  to  define  them. 
Compounds  are  simple  when  they  consist  of  few  ele- 


SOME  FUNDAMENTAL  FACTS  OF  CHEMISTRY  37 

ments  in  simplest  combination,  while  complex  com- 
pounds contain  a  larger  number  of  elements  or  in  larger 
aggregations.  For  example,  hydrochloric  acid  (HCl) 
is  the  simplest  compound  possible,  containing  only  two 
elements  in  the  simplest  combination  possible.  Calcium 
•  phosphate,  Ca3(P04)2  is  a  more  complex  compound. 
Some  of  the  silicates  are  very  complex,  containing  half 
a  dozen  different  elements.  When  we  speak  of  a  chemi- 
cal compound  decomposing  or  breaking  down  into  sim- 
pler compounds,  we  mean  that  it  forms  several  com- 
pounds, each  with  a  smaller  aggregation  of  elements.  For 
example,  ammonium  carbonate,  (NH4)2C03,  decom- 
poses, when  heated,  into  NH3  and  CO2  and  H2O,  all  of 
which  are  simpler  compounds.  When  an  organic  sub- 
stance like  blood  or  meat  or  cottonseed-meal  decomposes, 
the  organic  compounds  in  them,  which  are  very  complex, 
form  simpler  compounds,  generally  the  same  as  in  case 
of  ammonium  carbonate  or  others  equally  simple.  The 
terms  simple  and  complex  are,  of  course,  relative;  for 
example,  HNO3  is  complex  compared  with  HCl,  but 
simple  compared  with  Ca3(P04)2. 


CHAPTER  IV 

SOURCES  AND  COMPOUNDS  OF  PLANT-FOOD  ^ 

ELEMENTS 

In  this  chapter  we  shall  take  up  those  elements  which 
have  a  special  interest  for  us,  stating  briefly  their  most 
common  sources,  and  discussing  the  composition  and 
properties  of  some  of  their  more  important  compounds. 
Information  regarding  the  special  materials  in  which  the 
compounds  occur  in  commercial  forms  is  reserved  for 
Part  II  (pp.  244-287).  The  special  practical  applications 
in  respect  to  selection  and  purchase  arid  use  in  the  grow- 
ing of  crops  will  be  studied  in  detail  in  Parts  III  and 

IV  (pp.  397-710). 

NITROGEN 

Sources  of  nitrogen.— Nitrogen  occurs  in  nature  chiefly 
in  the  following  forms:  (i)  Atmospheric  nitrogen,  (2) 
ammonia,  (3)  in  animal  and  vegetable  matter,  and  (4) 
as  nitrate.  It  has  been  a  common  custom  to  speak  of 
nitrogen  in  different  forms  as  ammonia,  a  term  which 
should  never  be  applied  to  nitrogen  in  any  form  except 
that  of  ammonia  or  ammonium  compounds.  To  speak 
of  organic  nitrogen  or  nitrate  nitrogen  as  ammonia  is 
inaccurate  and  often  wholly  misleading. 

(i)  Atmospheric  nitrogen. — Nitrogen  in  the  free  or 
uncombined  form  constitutes  about  four-fifths  of  the  air, 
an  amount  equal  to  many  thousands  of  tons  for  each  acre 
on  the  surface  of  the  earth.  Nitrogen  cannot  be  used 
directly  from  the  air  by  crops;  but  certain  plants  belong- 
ing to  the  leguminous  or  so-called  bean  family  are  able  to 
use  it  indirectly  through  the  medium  of  certain  micro- 
organisms growing  on  the  roots  of  the  plants  (p.  216). 
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(2)  Nitrogen  in  ammonia. — ^Ammonia  (NHs)  is  a  com- 
pound containing  14  parts  by  weight  of  nitrogen 
combined  with  3  parts  by  weight  of  hydrogen.  It  is  a  color- 
less gas  and  dissolves  easily  in  water,  forming  the  famil- 
iar compound  called  spirits  of  hartshorn  or  ammonia 
water,  which  in  its  strong  form  contains  28  per  cent,  of 
ammonia  and  which  has  the  composition  shown  by  the 
symbol  NH4OH.  Ammonia  is  present  in  the  air  in  very 
small  amounts,  being  produced  when  vegetable  or  animal 
substances  undergo  decomposition  (p.  198) ;  it  is  often 
present  in  horse  stables  and  in  fermenting  manure  heaps 
in  amounts  sufficient  to  produce  the  pungent  odor  char* 
acteristic  of  ammonia. 

The  leaves  of  some  plants  have  the  power  of  absorbing 
ammonia  directly  from  the  air,  and  obtain  nitrogen  as 
food  in  this  way,  but  only  in  very  small  amounts.  Some 
plants  utilize  nitrogen  directly  from  ammonium  com- 
pounds in  the  soil,  but  in  general  the  nitrogen  of  am- 
monia and  its  compounds  is  changed  into  the  form  of 
nitrate  in  the  soil  before  its  nitrogen  reaches  plants 
(p.  204). 

(3)  Nitrogen  in  animal  and  vegetable  matter,  or  organic 
nitrogen. — Nitrogen  in  combination  with  the  elements, 
hydrogen,  carbon,  oxygen,  atid  sometimes  with  sulphur 
and  phosphorus,  occurs  in  animals  and  plants  in  a  great 
variety  of  diiferent  compounds,  known  under  the  general 
name  of  proteins  (p.  19).  In  such  combinations  the 
nitrogen  is  called  organic  nitrogen.  The  nitrogen  in 
slaughter-house  by-products,  such  as  blood,  meat,  tank- 
age, etc.,  is  organic;  also  in  fish,  bone,  cottonseed-meal, 
tobacco  stems,  green-crop  manures,  the  solid  portion  of 
animal  manures,  etc.  Before  the  nitrogen  in  such  com- 
pounds can  be  used  as  food  by  plants,  the  substances, 
through  the  action  of  micro-organisms  (p.  203),  must 
undergo  decay,  forming  a  large  number  of  simpler  com- 
pounds, ati^  being  changed  sooner  or  later  into  ammonia 
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and  finally  into  nitrate  nitrogen  under  proper  conditions 
of  warmth,  moisture,  etc.  (p.  204). 

(4)  Nitrogen  in  nitrate. — ^We  have  already  seen  (p.  30) 
that  nitrogen  combines  with  hydrogen  and  oxygen  to 
form  nitric  acid  (HNO3),  which  contains  22.2  per  cent, 
of  nitrogen,  76.2  per  cent,  of  oxygen  and  1.6  per  cent  of 
hydrogen.  An  old  name  for  nitric  acid  is  aqua  fortis 
(strong  water).  Nitric  acid  combines  with  metals  to 
form  nitrates  (p.  31),  such,  for  example,  as  sodium 
nitrate,  NaNOa,  (p.  27)  calcium  nitrate,  Ca(N03)2  (p. 
41),  etc.  We  can  conveniently  speak  of  nitrogen  in  the 
form  of  nitric  acid  or  nitrates  as  nitrate  nitrogen.  In  the 
soil  nitrate  nitrogen  is  formed  from  organR  nitrogen  and 
ammonia  through  a  process  known  under  the  general 
name  of  nitrification  (p.  204).  Most  of  the  nitrogen  used 
by  plants  as  food  is  in  the  form  of  nitrate  nitrogen ;  this 
is  the  most  quickly  available  source  of  nitrogen  in  plant 
nutrition. 

Compounds  of  nitrogen. — Compounds,  containing 
nitrogen  in  available  form  and  useful  in  the  growing  of 
crops,  include  the  following  as  the  most  important:  (i) 
Nitrates  of  sodium,  potassium,  calcium  and  magnesium ; 
(2)  ammonium  compounds,  the  sulphate,  nitrate  and 
carbonate;  (3)  calcium  cyanamid.  Most  of  these  com- 
pounds in  their  commercial  forms  are  discussed  in  detail 
on  pages  244-253.  We  shall  consider  here,  for  the  most 
part,  only  their  composition  and  a  few  chemical  char- 
acteristics. 

(i)  Sodium  nitrate,  NaNOs,  known  in  its  commercial 
form  as  nitrate  of  soda  (p.  244),  contains  16.47  P^^  cent, 
of  nitrogen.  It  is  very  easily  soluble  in  water,  one  pound 
of  the  salt  dissolving  in  about  one  pint  of  water  under 
ordinary  conditions.  It  has  for  some  years  been  the 
chief  nitrogen-containing  constituent  used  in  many 
commercial  fertilizers. 

When  sodium  nitrate  is  treated  with  strong  sulphuric 


98 
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J^^ 

+         H2S04         - 

2HN08 

+       NasSOi 

Sulphuric 

Nitric- 

Sodium 

acid 

add 

Sulphate 
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acid,  the  nitric  acid  may  be  lost  as  a  gas,  since  it  is  set 
free  in  the  manner  represented  in  the  following  chemical 
reaction,  in  which  the  figures  over  each  symbol  stand  for 
the  weight  used. 

170 

2NaN08 

Sodium 

nitrate 

This  fact  has  a  practical  bearing,  since  sulphuric  acid 
should  never  be  mixed  with  a  nitrate.  This  may  happen 
when  a  poorly  made  acid  phosphate,  in  which  too  much 
sulphuric  acid  has  been  used  or  the  operation  of  mixing 
improperly  managed,  is  mixed  with  sodium  nitrate. 

In  moist  air  sodium  nitrate  absorbs  moisture  and  tends 
to  become  liquid. 

(2)  Potassium  nitrate,  KNO3,  known  in  commercial  form 
as  niter  or  saltpeter  (p.  252),  contains  13.85  per  cent  of 
nitrogen.  It  is  quickly  soluble  and  is  available  as  plant- 
food  for  both  nitrate  and  potassium.  One  pound  of  the 
salt  dissolves  in  about  three  pints  of  water. 

(3)  Calcium  nitrate ^  Ca(N03)2,  known  in  its  commer- 
cial form  as  lime  nitrate  (p.  249),  contains  17  per  cent, 
of  nitrogen.  It  is  very  easily  soluble  in  water.  It  has  so 
strong  an  attraction  for  water  that,  when  in  contact  with 
moist  air,  it  tends  to  absorb  so  much  moisture  as  to 
become  liquid. 

(4)  Ammonium  sulphate,  (UIl4)2S04,  cdMed  sulphate  of 
ammonia  in  its  commercial  form  (p.  246),  contains  21.2  per 
cent,  of  nitrogen,  which  is  equal  to  25.75  per  cent,  of 
ammonia  (NH3).  One  pound  of  the  salt  dissolves  in 
about  I  1-3  pints  of  water.  It  does  not  absorb  moisture 
from  the  air,  as  the  nitrate  of  sodium  or  of  calcium  does. 

(5)  Ammonium  nitrate,  NH4NO3,  is  the  most  concen- 
trated nitrogen  compound  that  is  employed  as  plant-food, 
containing  35  per  cent,  of  nitrogen,  one-half  as  ammonia 
(NH3)  nitrogen,  and  one-half  as  nitrate  (NO3)  nitro- 
gen.   As  we  shall  see  later,  this  combination  gives  it 
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Special  value.  Its  price  is  so  high  that  it  has  been  used 
very  little  in  general  agriculture.  It  is  one  of  the  most 
easily  soluble  compounds,  one  pint  of  water  dissolving 
two  pounds  of  the  salt. 

(6)  Ammonium  carbonate,  (NH4)2C03,  contains 
nearly  29.2  per  cent,  of  nitrogen.  It  is  easily  soluble  in 
water,  one  pound  dissolving  in  three  or  four  pints  of 
water.  It  is  rarely,  if  ever,  used  in  commercial  fer- 
tilizers, but  is  of  interest  because  it  is  found  in  the  de- 
composition of  animal  and  vegetable  matter,  especially 
of  urine.  This  compound  is  one  which  breaks  up  or  decom- 
poses very  easily,  forming  ammonia  gas  (NH3),  carbon 
dioxide  gas  (CO2)  and  water  (H2O) ;  this  action  takes 
place  more  rapidly  at  temperatures  above  100° F.  When 
urine,  especially  of  horses,  ferments,  ammonium  car- 
bonate is  formed,  and  in  a  warm  stable  or  manure  pile, 
the  ammonia  gas  escapes  into  the  air,  producing  a  more 
or  less  strong,  characteristic  ammonia  smell. 

(7)  Calcium  cyanamid,  CaCNz,  commercially  known  as 
lime  nitrogen  (p.  247)  contains  35  per  cent,  of  nitrogen 
when  pure.  It  is  one  of  the  most  recent  compounds 
introduced  into  commercial  fertilizers. 

PHOSPHORUS 

Source  of  phosphorus. — The  original  source  of  all  phos- 
phorus compounds  is  the  earth's  crust.  As  immediate 
sources  of  supply  for  plant-food  uses  we  have  (i)  the 
soil,  (2)  the  large  phosphate  deposits  and  (3)  bones  of 
animals. 

Compounds  of  phosphorus. — Phosphorus  is  always 
found  in  nature  in  combination  with  other  elements  and 
usually  in  the  form  of  phosphates,  which  are  combina- 
tions of  phosphoric  acid  (H3PO4  or  -PO4)  with  metals 
(p.  34),  especially  calcium.  The  form  in  which  phos- 
phorus is  generally  found  in  animals  and  plants  is  cal- 
cium   phosphate,    with  small  amounts    of    magnesium^ 
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sodium  and  potassium  phosphates.  In  the  soil  we  have, 
in  addition,  iron  and  aluminum  phosphates.  Calcium 
forms  several  different  compounds  with  phosphoric  acid, 
commonly  known  as  phosphates  of  lime,  all  of  which  are 
important  as  sources  of  plant-food  phosphorus. 

Use  of  terms,  phosphoric  acid  and  phosphates.  Before 
considering  the  phosphates  farther,  we  wish  to  call 
attention  to  the  use  of  the  term,  phosphoric  acid,  as  com- 
monly applied  in  connection  with  fertilizers,  when  it 
always  means  a  compound  whose  composition  is 
expressed  by  the  symbol  P2O5,  which  contains  43.7  per 
cent,  of  phosphorus.  How  this  usage  came  about  we 
need  not  take  time  to  detail  farther  than  to  say  that  it 
is  a  survival  of  a  custom  established  long  ago  by  chemists 
for  expressing  results  of  analysis;  and  for  the  sake  of 
uniformity  this  old  usage  has  persisted,  especially  in  com- 
mercial applications.  When  we  say  that  a  compound  or 
a  fertilizer  contains,  for  example,  10  per  cent,  of  phos- 
phoric acid  (P2O5),  we  mean  the  same  thing  as  when  we 
say  that  it  contains  4.4  per  cent,  of  phosphorus  (P).  On 
many  accounts  it  would  be  preferable  to  state  the  per- 
centages as  phosphorus  (P)  rather  than  as  P2O5;  but 
the  present  usage  has  become  so  firmly  established  that 
many  practical  difficulties  would  be  encountered  in  mak- 
ing the  change.  Such  a  change  in  connection  with  fertil- 
izers has,  however,  been  under  discussion  by  agricultural 
chemists  for  some  years  and  will  probably  be  brought 
about  gradually  in  time.  In  our  discussions,  we  shall 
usually  state  amounts  in  both  forms,  viz.  as  phosphoric 
acid  (P2O5)  and  as  phosphorus  (P).  The  terms  phos- 
phate, phosphorus  and  phosphoric  acid  compounds,  will 
be  used  often  in  speaking  of  these  compounds  when  they 
are  referred  to  without  reference  to  any  special  percentage 
composition.  In  this  connection  we  will  refer  to  a  clearly 
wrong  use  of  the  word  phosphate,  which  is  all  but  uni- 
versal among  farmers  using  commercial  fertilizers;  and 
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that  is  the  application  of  the  word  phosphate  as  a  general 
term  covering  all  kinds  of  commercial  fertilizers,  whether 
they  contain  phosphoric  acid  compounds  only,  or  mix- 
tures of  these  with  nitrogen  and  potassium  compounds,  or 
even  when  commercial  mixtures  contain  no  phosphorus 
compounds  at  all. 

Phosphoric  acid  compoimds  or  phosphates. — The 
existence  of  four  phosphate  compounds  of  calcium  is 
recognized ;  the  composition  of  three  of  these  has  already 
been  referred  to  (p.  36)  and  certain  relations  pointed 
out.  These  four  compounds  differ  in  their  composition 
mainly  in  respect  to  the  amount  of  calcium  they  con- 
tain, since  calcium  is  present  in  the  ratio  of  one,  two, 
three  and  four  parts  or  combining  weights  (p.  23).  The 
fourth  compound  is  quite  different  from  the  three  others 
in  respect  to  its  source  and  is  not  so  closely  related  to 
them  as  they  are  to  each  other.  We  shall,  therefore, 
consider  the  one,  two  and  three  calcium  phosphates  to- 
gether. These  compounds  are  known  under  an  unusual 
variety  of  names,  which  may  easily  lead  to  confusion, 
but  they  can  readily  be  kept  distinct  by  knowing  their 
individual  characteristics  with  reference  to  one  impor- 
tant property,  viz.,  their  solubility  in  water.  For  con- 
venience, we  will,  therefore,  distinguish  these  three  cal- 
cium phosphates  primarily  by  the  following  names: 
Soluble,  reverted  and  insoluble;  these  terms  are  the  ones 
most  commonly  used  in  studying  the  composition  of 
phosphatic  materials.  The  tabulated  arrangement  given 
below  shows  the  following  facts  with  reference  to  each 
of  the  three  phosphates:  (i)  Different  names,  (2) 
chemical  composition  as  expressed  by  formula,  both 
new  and  old  forms,  (3)  percentage  of  phosphorus  and 
(4)  its  equivalent  in  the  form  of  PaOo* 
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Tabu  6 — Names  and  Composition  op  Calcium 
Phosphate  Compounds 
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The  prominent  points  to  remember  in  connection  with 
the  preceding  table  are  (ist)  that  the  calcium  in  these 
compounds  is  in  the  relation  of  one,  two,  three  and  four ; 
and  (ad)  that  the  proportion  of  phosphoric  acid  or 
phosphorus  is  greatest  in  the  compound  containing  least 
calcium  and  decreases  in  the  other  compounds  as  the 
calcium  increases. 

Before  going  into  the  special  characteristics  of  these 
compounds,  we  will  first  consider  some  particular  rela- 
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tions  existing  between  the  insoluble,  reverted  and  soluble 
forms  of  calcium  phosphate.  Briefly  stated,  the  insoluble 
can  be  converted  into  the  reverted  form  by  treatment 
with  a  certain  amount  of  acid  and  into  the  soluble  form 
by  the  use  of  twice  as  much  acid.  The  soluble  can  be 
changed  into  the  reverted  form  by  certain  compounds. 
In  the  commercial  manufacture  of  "superphosphate  of 
lime"  (p.  271),  sulphuric  acid  is  used  to  dissolve  the 
insoluble  phosphate.  We  will  now  give  in  the  form  of 
equations  the  action  of  sulphuric  acid  upon  insoluble 
calcium  phosphate  when  different  amounts  of  acid  are 
used.  The  figures  over  each  symbol  give  the  amount  of 
each  compound  used  in  the  reaction. 

(a)  Formation  of  reverted  from  insoluble  phosphate: 

310                                98                            272  13^ 

Ca8(P04)9  -h          H2SO4  «       Ca2H2(P04)S  +       CaSOi 

loaolubie  calcium             Sulphuric          Reverted  calctum  Calcium  sulpliate 

phosphate                      add                    phosphate  (or  gypsum) 

(b)  Formation  of  soluble  from  reverted  phosphate: 

272                                  98                             234  134 

Ca2H2(P04)S  +        HzS04  -       CaH4(P04)J  +       CaSOl 

Reverted  calcium             Sulphuric           Soluble  calcium  Calcium  sulphate 

phosphate                       acid                    phosphate  (or  gypsum) 

(c)  Formation  of  soluble  directly  from  insoluble 
without  any  reverted  phosphate,  showing  the  two  pre- 
ceding changes  in  one : 

234  272 

-       CaH4(P04)J  +       2CaS0« 

Soluble  calaum       Calcium  sulphate 
phosphate  (or  gypsum) 

In  actual  commercial  operations,  water  is  present  and, 
instead  of  CaS04  (water-free  calcium  sulphate),  there  is 
formed  CaS04.2H20,  which  is  gypsum,  or  hydrated 
calcium  sulphate. 

The  formation  of  reverted  from  soluble  calcium  phos- 
phate will  be  considered  later  under  the  head  of  reverted 
calcium  phosphate. 
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Ca8(P04)f          + 

2H2SO4 

Insoluble  calcium 

Sulphuric 

phosphate 

add 
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(i)  Insoluble  calcium  phosphate  is  contained  in  vary- 
ing amounts  in  all  agricultural  soils,  in  animal  and  vege- 
table matter,  especially  in  bones  and  seeds,  in  many  min- 
eral deposits  and  in  water  that  has  been  in  contact  with 
soils.  The  commercial  materials  in  which  this  compound 
occurs  are  considered  in  detail  later  (pp.  261-271). 

This  form  of  calcium  phosphate  is  called  insoluble 
because  it  does  not  easily  dissolve  in  water,  one  part 
requiring  for  solution  50,000  parts  of  pure  water,  more  or 
less,  according  to  certain  conditions.  Its  solubility  in 
water  is  made  greater  by  the  presence  of  some  substances 
and  less  by  others.  Water  containing  carbon  dioxide 
(p.  60),  as  in  the  case  of  soil  water,  dissolves  much  more 
insoluble  phosphate  than  does  pure  water.  Some  of  the 
compounds  used  in  fertilizers  increase  the  solubility  of 
this  phosphate  in  water,  among  which  are  sodium  nitrate, 
ammonium  sulphate,  and  potassium  sulphate.  Gypsum 
and  iron  compounds  make  it  less  soluble  in  water.  Sub- 
stances which  appear  to  have  little  influence  are  magne- 
sium sulphate  and  chloride,  sodium  chloride  (common 
salt)  and  potassium  chloride  (muriate). 

(2)  Soluble  calcium  phosphate  is  the  principal  con- 
stituent in  the  commercial  product  known  as  ''superphoS' 
phate  of  lime*'  (p.  271),  which  is  more  extensively  used 
in  fertilizers  than  any  other  compound.  It  is  never  found 
occurring  naturally,  but  is  a  manufactured  product.  The 
special  importance  of  this  compound  is  due  to  its  solu- 
bility in  water,  one  part  dissolving  completely  in  100 
parts  of  water  under  ordinary  conditions,  but  it  is  easily 
changed  by  certain  other  compounds  into  the  reverted 
form.  On  account  of  its  ready  solubility,  it  is  the  com- 
pound that  is  most  extensively  used  by  plants  as  the 
source  of  their  phosphorus. 

(3)  Reverted  calcium  phosphate  receives  its  name 
from  the  fact  that  it  can  be  formed  from  soluble  calcium 
phosphate  and  is  less  soluble  in  water,  so  that,  when  solu- 
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ble  phosphate  is  changed  into  this  form,  it  is  said  to 
"revert"  or  go  back  to  an  insoluble  or  less  soluble  condi- 
tion. Reverted  phosphate  is,  however,  much  more  readily 
soluble  in  water  containing  carbon  dioxide  than  in  pure 
water.  One  part  of  reverted  phosphate  requires  for  its 
solution  about  7,500  parts  of  pure  water,  but  only  about 
1,800  parts  of  water  containing  carbon  dioxide.  It  is  thus 
seen  that  this  compound  is  fairly  soluble  in  soil  water. 
Among  the  names  by  which  reverted  phosphate  is  known 
is  that  of  "citrate-soluble,"  which  comes  from  the  fact 
that,  in  ascertaining  the  amount  of  reverted  phosphate  by 
chemical  analysis,  it  is  dissolved  in  a  solution  of  ammo- 
nium citrate. 

We  have  already  seen  that  reverted  phosphate  is 
formed  when  the  insoluble  compound  is  treated  with  a 
limited  amount  of  sulphuric  acid.  It  is  formed  also  from 
soluble  calcium  phosphate  by  such  compounds  as  the 
insoluble  phosphate,  calcium  carbonate,  etc.,  as  shown  by 
the  following  reactions : 

(a)  Formation  of  reverted  by  insoluble  phosphate: 

234  310  544 

CaH4(P04)i  4-       Ca3(P04)S       m  2CatfIs(PO0fl 

Soluble  calciuffl  Insoluble  calomn  Reverted  calcnim 

phosphate  phosphate  phosphate 

This  action  occurs  in  a  superphosphate  on  standing, 
when  the  insoluble  phosphate  has  not  been  completely 
dissolved  by  acid. 

(b)  Formation   of   reverted   phosphate   by   calcium 

carbonate : 


^     234  100  272  44  „ 

^CaH4(P04}s  -I-      CaCOB  m       CasRs(P04)S  +       COf  +      HiO 
Soluble  calcium           Caldum          Reverted  caldum         Caxbon  Watet 

phosphate  carbonate  phosphate  dk»dde 

In  the  presence  of  large  amounts  of  calcium  carbonate 
or  of  hydroxide  (slaked  lime),  the  soluble  and  reverted 
may  be  changed  completely  to  insoluble  calcium  phos* 
phate. 
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(c)  Formation  of  insoluble  from  soluble  phosphate 
by  calcium  carbonate: 

234  200  310                        8S                    S6 

CaH4(P04)f  +       2CaC08  -       Ca«(P04)«       +       2C0>  +       2H«0 

Soluble  caldtmi  Calcium  Insoluble  caldimi  Cartxm             Water 

phosphate  carbonate  phosphate  dioxide 

(3)  Tetra  calcium  phosphate,  Ca4P209,  or  (CaO)4, 
P2O5,  is  a  manufactured  by-product.  It  is  com- 
monly known  as  basic-slag  phosphate  and  will  be  con* 
sidered  in  more  detail  on  page  275. 

(4)  Magnesium  phosphates  are  much  like  those  of  cal- 
cium in  their  general  properties. 

(5)  Iron  phosphate,  FeP04,  and  aluminum  phosphate, 
AIPO4,  are  noted  for  their  insolubility  in  water.  When 
iron  or  aluminum  compounds,  such  as  oxides,  are  present 
in  large  amounts  in  soils,  they  may  act  upon  any  soluble 
calcium  phosphate  that  is  applied  and  convert  it  into  the 
very  insoluble  phosphate  of  iron  or  aluminum,  practically 
causing  the  complete  loss  of  the  soluble  phosphate  for 
immediate  crop  uses.  This  loss  can  be  prevented  by 
keeping  in  the  soil  an  abundance  of  calcium  carbonate 
(p.  374).  These  insoluble  phosphates  are  changed  by 
calcium  carbonate  into  insoluble  calcium  phosphate, 
which  is  more  readily  available. 

We  have  now  completed  our  study  of  the  different 
phosphate  compounds  so  far  as  their  special  properties 
are  concerned.  Some  of  them  are  among  our  most  im- 
portant commercial  products,  of  which  we  shall  make 
a  study  later  (p.  261). 

POTASSIUM 

Experiments  have  shown  that  when  potassium  com- 
pounds are  lacking,  plants  suffer  severely,  though  they 
may  not  die.  Potassium  forms  a  larger  part  of  the  ash 
of  plants  than  any  other  mineral  element  On  an  aver- 
age, vegetable  ash  consists  of  about  one-third  potassium. 
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Source  of  potassium. — The  element  potassium  is  never 
found  in  nature  uncombined;  it  always  exists  in  com- 
pounds. It  IS  a  constituent  of  many  minerals.  The  par- 
tial solution  and  decomposition  of  the  rocks  containing 
these  minerals  give  rise  to  the  presence  of  potassium 
compounds  everywhere  in  the  soil,  which  are  taken  up  by 
plants  and  used  as  food.  When  vegetable  material  is 
l3urned,  the  potassium  forms  a  part  of  the  unburned  ash, 
in  which  it  is  present  as  potassium  carbonate,  K2CO3. 
When  wood-ashes  are  treated  with  water  and  leached, 
the  potassium  carbonate  along  with  some  other  com- 
pounds is  dissolved,  forming  "lye";  and  this  evaporated 
to  dryness  leaves  impure  potassium  carbonate,  which  was 
years  ago  an  article  of  commerce  known  as  pot-ash  on 
account  of  being  made  in  iron  pots.  In  this  way  came 
the  word,  potassium,  the  Latin  form  of  which  is  Kalium ; 
and  K,  the  first  letter  of  the  Latin  word,  is  therefore  used 
as  the  chemical  symbol  of  potassium.  The  word  potash 
is  almost  universally  used  in  agricultural  literature  in 
referring  to  potassium  compounds.  In  the  analysis  of 
potassium  compounds,  it  became  the  custom  a  long  time 
ago  to  give  the  results  of  analysis  not  as  potassium  (K) 
but  as  potassium  oxide  (K2O),  which  was  called  potash. 
This  custom  has  unfortunately  persisted  to  the  present 
time ;  and  when  we  analyze  a  fertilizer  for  potassium,  we 
do  not  often  state  the  result  as  potassium  (K)  but  as 
potash  (K2O).  On  many  accounts  it  would  be  desirable  if 
we  could  abolish  the  use  of  the  word  potash  in  analytical 
and  agricultural  chemistry  and  use  only  potassium,  but 
commercial  custom  is  slow  to  change.  It  is  wholly  incor- 
rect to  say  that  potassium  chloride,  for  example,  con- 
tains 50  per  cent,  of  potash  (K2O),  since  it  contains  no 
oxygen  at  all.  Of  course,  under  such  circumstances  it 
simply  means  that  the  amount  of  potassium  (K)  in  the 
compound  is  equivalent  to  50  per  cent,  of  K2O.  Another 
expression,  actual  potash,  is  also  used  in  fertilizer  analy- 
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SIS  to  express  K2O.    In  stating  amounts,  we  shall  com- 
monly make  use  of  both  forms  K2O  and  K. 

Compounds  of  potassium. — In  this  place  we  shall  give 
some  of  the  chief  characteristics  of  a  few  potassium  com- 
pounds that  are  of  interest  as  valuable  plant-foods.  Their 
commercial  forms,  as  used  in  making  fertilizers,  we  shall 
describe  in  detail  later  (p.  278).  We  shall  notice  five 
potassium  compounds :  Carbonate,  chloride,  sulphate 
nitrate  and  silicates. 

( 1 )  Potassium  carbonate,  K2CO3,  known  also  as  carbon- 
ate of  potash,  contains  56.6  per  cent,  of  potassium,  which 
is  equivalent  to  68  per  cent,  of  potash  (K2O).  It  is 
strongly  alkaline  (p.  28).  It  is  very  easily  soluble  in 
water,  two  pints  of  water  dissolving  one  pound  of  car- 
bonate. The  only  form  of  carbonate  once  used  in  the 
feeding  of  plants  was  that  contained  in  wood-ashes 
(p.  283).  ^ 

(2)  Potassium  chloride,  KG,  known  commonly  in  com- 
mercial forms  as  muriate  of  potash,  contains  52.5  per 
cent,  of  potassium,  which  is  equivalent  to  63.2  per  cent, 
of  potash.  It  is  easily  soluble  in  water,  three  pints  of 
water  dissolving  one  pound  of  the  chloride.  It  closely 
resembles  common  salt  in  appearance  and  taste.  It  is  a 
valuable  source  of  plant-food  (p.  279)  and  is  more  exten- 
sively used  in  fertilizers  than  any  other  potassium  com- 
pound. 

(3)  Potassium  sulphate,  K2SO4,  known  commercially  as 
sulphate  of  potash,  contains  45  per  cent,  of  potassium, 
which  is  equivalent  to  54  per  cent,  of  K2O.  While  it  is 
quite  easily  soluble  in  water,  it  is  less  so  than  the  carbon- 
ate or  chloride,  one  pound  of  sulphate  requiring  eight  to 
ten  pints  of  water  for  solution.  This  compound  has 
special  value  as  a  source  of  potassium,  since  it  must  be 
used  with  some  crops  which  are  injured  by  the  chloride 
(p.  700). 
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(4)  Potassium  nitrate,  KNO3,  known  commercially  as 
nitrate  of  potash,  niter,  and  saltpeter,  contains  38.6  per 
cent,  of  potassium,  which  is  equivalent  to  46.6  per  cent, 
of  potash.  It  IS  about  as  easily  soluble  in  water  as  the 
chloride.  This  compound  possesses  additional  value  as 
plant-food  on  account  of  its  being  in  the  nitrate  form. 
Unfortunately,  it  is  used  so  extensively  in  the  manufac- 
ture of  gunpowder  that  it  is  too  expensive  to  use  on 
crops. 

(5)  Silicates, — Potassium  is  present  in  several  different 
mineral  compounds  in  combination  with  oxygen,  silicon, 
aluminum  and  other  metals,  among  which  are  (a)  ortho- 
clase  or  potassium  feldspar  (KaO*  AI2O3,  6Si02)  ;  (b) 
leucite  (K2O,  AI2O3,  4Si02) ;  (c)  micas,  zeolites  and 
glauconite,  which  are  very  complex  silicates,  containing 
several  different  metals  in  union  as  silicates. 

CALCIUM 

The  element  calcium  is  essential  to  the  development  of 
plants.  Its  compounds  are  commonly  called  lime  com- 
pounds, as  the  result  of  a  former  usage  by  chemists. 
The  term  lime  should  properly  be  used  only  when  speak- 
ing of  the  compound  calcium  oxide,  CaO,  and  we  shall 
generally  use  the  word  calcium  in  speaking  of  so-called 
lime  compounds. 

Source. — Calcium,  like  the  other  mineral  elements,  has 
its  source  in  the  crust  of  the  earth,  where  it  occurs  in  a 
variety  of  compounds,  especially  the  carbonate. 

Compounds  of  calcium. — Some  of  its  compounds  are 
among  the  most  useful  in  agriculture,  among  which  are 
the  carbonate,  the  oxide,  hydroxide,  phosphates,  nitrate, 
and,  in  a  less  degree,  the  sulphate.  The  calcium  com- 
pounds will  be  more  fully  discussed  in  connection  with 
indirect  fertilizers  (p.  363).  In  this  place  we  shall  con- 
sider certain  chemical  relations  of  the  following  com- 
pounds: (i)  Calcium  carbonate,  (2)  calcium  oxide,  (3) 
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calcium  hydroxide,  (4)  calcium  phosphates,  (5)  calcium 
nitrate,  (6)  calcium  sulphate,  and  (7)  calcium  silicate, 
(i)  Calcium  carbonate,  CaCOa,  known  in  commerce  as 
carbonate  of  lime,  ground  limestone,  etc.  (p.  369),  contains 
40  per  cent,  of  calcium,  which  is  equivalent  to  56  per  cent, 
of  lime  (CaO).  The  carbonate  is  the  chief  constituent  of 
limestone,  marble,  chalk,  shell-marl,  coral,  shells,  etc. 
Calcium  carbonate  is  only  slightly  soluble  in  pure  water, 
but  in  water  containing  all  the  carbon  dioxide  it  can  hold 
at  ordinary  temperatures,  the  carbonate  is  soluble  to  the 
extent  of  one  pound  in  1,000  pints  of  water.  Calcium 
carbonate  has  basic  (p.  30)  properties,  neutralizing 
acids  and  forming  salts,  as  illustrated  by  the  following 
reaction: 

100  126  164  44  ja 

CaCOB      +      2HN08      -       Ca(NO$)s      4.       CO2      +    j£0 
Caldmii  Nitric  Calcitmi  Carbon  Wsbev 

carbonate  add  xiitrata  diozide 

This  reaction  takes  place  in  the  soil  when  nitric  acid 
is  formed  (p.  205). 

(2)  Calcium  oxide,  CaO,  commercially  known  as  quick* 
lime,  burnt  lime,  caustic  lime,  stone-lime,  lump-lime,  buUding- 
lime,  etc.  (p.  365),  contains  71.4  per  cent,  of  calcium.  It 
is  made  by  burning  calcium  carbonate,  the  carbon  diox- 
ide being  driven  off.  The  chemical  change  is  shown  by 
the  following  equation:    ' 
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-       CaO       +       COS 

Calcium 

Calcium          Carbon 

carbonate 

oxide            dioxide 

This  shows  that  when  we  burn  100  pounds  of  pure 
calcium  carbonate,  we  obtain  56  pounds  of  calcium  oxide, 
44  pounds  of  carbon  dioxide  gas  going  into  the  air.  Cal- 
cium oxide  has  basic  properties  (p.  29),  neutralizing 
acids  and  forming  salts,  as  illustrated  by  the  following 
reaction : 
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This  reaction  occufs  in  the  manufacture  of  lime 
nitrate  (p.  249). 

(3)  Calcium  hydroxide,  CaH202,  commonly  called  slaked 
lime,  hydrated  lime,  caustic  lime,  etc.  (p.  367),  contains 
54  per  cent,  of  calcium,  which  is  equal  to  75.7  per  cent, 
of  CaO.  One  pound  of  calcium  hydroxide  is  soluble  in 
800  to  1,000  pints  of  water,  the  solution  being  known  as 
lime-water.  Calcium  hydroxide  is  formed  when  calcium 
oxide  is  treated  with  water;  it  then  undergoes  the 
change  known  as  slaking  (or  slacking),  according  to  the 
following  chemical  reaction: 

56  18  74 

CaO  +       HsO  m         CaHsOs 
Calcium              Water  Calcium  hydrodde 

oodde  (slaked  Ume) 

Slaked  lime  may  therefore  be  properly  regarded  as 
quicklime  (CaO)  diluted  with  about  one-third  of  its 
weight  of  water,  except  that  the  water  is  not  merely 
mixed,  but  is  chemically  combined,  with  the  lime. 

Air-slaked  lime  is  calcium  oxide  that  has  absorbed  mois- 
ture from  the  air  and  changed  into  hydroxide.  The 
operation  is  slow,  depending  largely  on  the  amount  of 
moisture  in  the  air.  As  the  slaked  lime  is  formed  it  slowly 
absorbs  carbon  dioxide  from  the  air,  forming  carbonate, 
as  shown  by  the  following  reaction : 
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Air-slaked  lime  is,  therefore,  generally  a  mixture  of 
hydroxide  and  carbonate;  but  in  case  of  long  exposure 
the  change  to  carbonate  becomes  complete.  Air-slaked 
lime  is  thus  seen  to  be  of  very  uncertain  composition, 
since  it  may  vary  anywhere  from  nearly  pure  hydroxide 
to  nearly  pure  carbonate. 

Calcium  hydroxide  is  an  alkaline  base  (p.  29),  chang- 
ing red  litmus  to  blue.  It  is  therefore  useful  in  neutral- 
izing acids.    It  is  also  somewhat  powerful  in  promoting 
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disintegration  of  animal  or  vegetable  matter,  for  which 
reason  it  is  called  caustic. 

(4)  Calcium  phosphates  (p.  45), 

(5)  Calcium  nitrate  {^.^i). 

(6)  Calcium  sulphate,  CaS04,  known  in  commerce  under- 
various  names,  as  gypsum,  land-plaster  sulphate  of  lime, 
plaster  of  Paris,  etc.,  contains  29.4  per  cent,  of  calcium, 
which  is  equal  to  41.2  per  cent,  of  CaO.  It  should  be 
stated  that  gypsum  contains  about  21  per  cent,  water  as 
expressed  by  the  formula,  CaS04.2H20.  When  this  is 
heated  at  2I2°F.,  just  enough  to  drive  off  the  water,  the 
resulting  product,  CaS04,  free  from  water,  forms  a  pow- 
der, which  is  called  plaster  of  Paris ;  this  takes  water  up 
readily,  again  forming  CaS04.2H20,  which  has  the 
property  of  hardening  quickly  or  "setting."  In  the 
form  of  gypsum,  calcium  sulphate  has  been  used  in  agri- 
culture quite  extensively  in  the  past.  When  used  in 
stables  mixed  with  manure,  it  combines  with  ammonium 
carbonate,  forming  ammonium  sulphate  and  calcium 
carbonate,  as  shown  in  the  following  reaction: 
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Calcium  sulphate  in  the  form  of  gypsum 
(CaS04^H20)  is  soluble,  one  pound  in  about  400  pints 
of  water. 

MAGNESIUM 

In  chemical  behavior,  magnesium  and  its  compounds 
resemble  calcium  in  many  ways.  It  is  not  common  that 
magnesium  compounds  are  applied  specially  in  agricul- 
ture for  fertilizing  purposes* 

Source.— Magnesium  compounds  are  present  in  all 
agricultural  soils,  the  amounts  varying  in  diflferent  soils. 
Magnesium  often  occurs  along  with  calcium  as  carbonate 
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in  so-called  dolomitic  limestone.    One  source  of  com- 
mercial supply  is  the  German  potash  mines  (p.  278) . 

Compounds  of  magnesium. — ^The  most  familiar  com* 
pounds  of  magnesium  are  the  oxide,  hydroxide,  carbonate, 
chloride,  nitrate,  phosphates,  sulphate  and  silicates,  some 
of  which  we  will  notice  in  brief. 

( 1 )  Magnesium  oxide,  MgO,  commercially  known  as  cal- 
cined magnesia,  is  best  known  as  a  constituent  of  burnt 
lime  prepared  from  magnesium  limestone,  in  which  it 
occurs  in  amounts  varying  from  approximately  10  per  cent, 
up  to  40  per  cent,  or  more.  Its  presence  in  large 
amounts  is  objectionable  for  many  purposes,  since  it 
slakes  much  more  slowly  than  calcium  oxide. 

(2)  Magnesium  hydroxide,  MgH202,  is  formed  by  treat- 
ing magnesium  oxide  with  water.  This  compound,  unlike 
calcium  hydroxide,  is  only  slightly  soluble  in  water.  It 
is  present,  of  course,  in  slaked  magnesium  lime. 

(3)  Magnesium  sulphate,  MgS04,  known  commonly  as 
Epsom  salt,  is  contained  in  some  of  the  German  potash 
salts  (p.  280),  in  which  likewise  magnesium  chloride, 
MgCl2,  is  found, 

(4)  Magnesium  silicates. — ^The  minerals,  serpentine  and 
talc,  are  hydrated  silicates  of  magnesium,  varying  in  their 
percentage  of  water.  Magnesium  occurs  also  in  some  of 
the  complex  silicates. 

SULPHUR 

Though  present  in  plants  in  only  small  amounts,  sul- 
phur compounds  are  always  found  and  are  essential. 
They  are  usually  present  in  soils  in  sufficient  abundance 
to  meet  agricultural  demands. 

Source. — Sulphur  is  found  in  a  great  many  minerals  in 
which  it  is  in  combination  with  other  elements.  Under 
the  usual  conditions  of  soil  formation,  all  forms  of  sul- 
phur compounds  are  sooner  or  later  changed  into  sul- 
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phates,  which  are  salts  of  sulphuric  acid  (p.  31),  and 
this  IS  the  only  form  in  which  agricultural  plants  utilize 
sulphur  obtained  from  the  soil. 

Compounds  of  sulphur. — The  sulphur  compounds 
which  are  found  in  soils  and  some  of  which  are  present 
in  fertilizers  in  combination  with  other  essential  constitu- 
ents are  the  following,  most  of  which  have  been  already 
considered  in  connection  with  other  elements:  (i)  Potas- 
sium sulphate  (p.  51),  (2)  calcium  sulphate  (p.  55), 
(3)  sodium  sulphate  (p.  34),  (4)  magnesium  sulphate 
(p.  56),  (s)  ammonium  sulphate  (p.  41).  The  sulphur 
in  these  compounds  varies  from  18  to  26  per  cent. 

Sodium  sulphate,  Na2S04,  known  also  as  Glauber's  salt 
and  sulphate  of  soda,  is  found  in  soils  of  dry  regions, 
being  a  prominent  constituent  of  "white  alkali"  and 
"alkali  dust";  it  is  an  undesirable  constituent,  since  it  is 
a  plant  poison  when  present  beyond  certain  limits;  it  is, 
however,  less  poisonous  to  plants  than  common  salt. 

Ferrous  or  iron  sulphate,  FeS04,  commonly  called  green- 
vitriol  or  copperas,  may  be  briefly  referred  to  in  passing. 
It  IS  sometimes  found  in  considerable  amounts  in  soils 
that  have  been  under  water  and  then  drained  and  brought 
under  cultivation.  It  is  a  plant  poison  when  present 
beyond  certain  amounts.  Such  soils  bear  poor  crops 
until,  by  treatment  with  generous  amounts  of  calcium 
carbonate  and  thorough  cultivation,  the  iron  sulphate  is 
changed  into  harmless  forms  of  combination.  It  has 
been  sometimes  applied  to  soils  as  an  indirect  fertilizer 

(P-  392). 

IRON 

Though  used  in  smaller  amount  than  any  other  plant- 
food  constituent,  iron  compounds  are  essential  to  the 
growth  of  plants.  This  element  does  not,  however,  have 
much  interest  for  us  in  connection  with  the  use  of  fer- 
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tilizerSy  because  all  agricultural  soils  possess  an  unlimited 
abundance  and  need  no  additions,  so  far  as  we  know  at 
present. 

Source. — ^There  are  numerous  minerals  containing  iron 
which  have  furnished  the  supply  now  in  our  soils.  Iron 
compounds  impart  characteristic  colors  to  soils  (p.  iii). 

Compounds  of  iron. — The  form  in  which  iron  is  most 
commonly  found  in  soils  is  in  combination  with  oxygen 
and  hydrogen  either  as  iron  (ferric)  oxide^  Fe203,  or  as 
hydroxide,  FeHsOa,  or  some  similar  form  of  combination, 
known  as  hydrated  oxides,  of  which  there  are  many  forms 
of  indefinite  composition.  These  compounds  are  reddish 
brown  or  yellow  in  color;  they  have  practically  the  same 
composition  as  iron  rust.  Whatever  kind  of  compound 
iron  in  the  soil  may  originally  exist  in,  it  is  sooner  or 
later  changed  into  one  of  the  forms  mentioned.  Iron 
(ferrous)  sulphate  has  already  been  mentioned  in  con- 
nection with  sulphates.  The  iron  compounds  commonly 
present  are  only  slightly  soluble  in  water,  but  sufficiently 
so  to  furnish  all  that  is  needed  by  plants.  Iron  com- 
pounds in  solution  change  soluble  calcium  phosphate 
into  the  very  insoluble  iron  phosphate,  unless  the  soil 
contains  an  abundance  of  calcium  carbonate. 

CHLORINE 

Source. — Chlorine  is  always  found  in  soils  and  plants, 
but  only  in  the  form  of  compounds.  Larger  amounts  are 
present  in  sea  water  and  in  special  deposits  in  the  earth. 

Compounds  of  chlorine. — In  combination  with  hydro- 
gen, chlorine  forms  hydrochloric  (or  muriatic)  acid 
(HCl),  and  in  combination  with  metals  it  forms  salts 
which  are  called  chlorides  (p.  32).  The  most  familiar 
compounds  are  (i)  potassium  chloride  (p.  51),  (2) 
sodium  chloride,  (3)  magnesium  chloride  (p.  56). 

Sodium  chhridff    NaCl,  familiar    under  the    natPe  of 
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common  salt,  contains  60.7  per  cent,  of  chlorine  and  39.3 
per  cent,  of  sodium.  Its  ready  solubility  in  water  is  a 
familiar  fact  of  everyday  experience.  Agricultural  salt 
is  an  impure  form  of  sodium  chloride.  Its  agricultural 
importance  is  not  great.  When  used  at  all,  it  is  as  an 
indirect  fertilizer  (p.  391).  Salt  is  generally  a  con- 
stituent of  the  alkali  soils  of  dry  regions. 

SODIUM 

Source. — Inasmuch  as  sodium  generally  occurs  in  soils 
as  sodium  chloride,  its  origin  and  relations  are  essentially 
the  same  as  those  of  chlorine. 

Compounds  of  sodium. — ^The  most  abundant  compound 
of  sodium  is  the  chloride.  As  stated  under  sulphur  com- 
pounds, sodium  sulphate  is  the  chief  constituent  of  the 
"white  alkali"  of  arid  regions.  Sodium  carbonate  is  a  con- 
stituent of  the  "black  alkali"  spots  in  soils  of  arid  regions, 
the  dark  color  being  due  to  the  action  of  the  alkali  on  the 
organic  matter  of  the  soil.  The  most  important 
agricultural  compound  of  sodium  is  the  nitrate  (p.  244), 
the  value  of  which  is,  however,  due  to  the  nitrogen* 

SILICON 

Source. — Next  to  oxygen  silicon  is  the  most  abundant 
element  in  the  earth's  crust  and,  therefore,  in  soils.  It 
is  a  constituent  of  many  of  the  most  common  rocks.  It 
is  of  more  interest  agriculturally  for  its  relations  to  the 
soil  than  to  plant  nutrition  directly. 

Compounds. — Silicon  is  found  in  a  number  of  different 
compounds;  we  shall  notice  only  two  kinds,  (i)  silicon 
dioxide  and  (2)  silicates. 

(i)  Silicon  dioxide,  Si02,  commonly  known  as  sUica,  is 
prevalent  in  rocks  and  soils  in  the  familiar  form  of  quarts. 
It  contains  about  47  per  cent,  of  silicon.  It  Is  the  chief 
constituent  of  sand.^ 
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(2)  Silicates. — ^There  are  many  compounds  in  this  class, 
some  of  which  are  very  complex,  containing  several  dif- 
ferent metals  in  combination  with  some  form  of  silicic 
acid.  The  simplest  forms  are  represented  by  potassium 
and  sodiun;  iilicates  (K2Si03,  Na2Si03),  which  dissolve 
ir.  water  aud  are  then  known  as  water-glass.  Common 
feldspar  contains  potassium  or  sodium  or  calcium  in  com- 
bination with  aluminum  and  silicic  acid,  as,  for  exam- 
ple, AlKSisOs,  AlNaSisOs,  etc.  Pure  clay  is  aluminum 
silicate  combined  with  water,  known  as  hydrated 
aluminum  silicate. 

CARBON 

Source. — The  source  of  supply  of  carbon  as  plant-food 
is  the  carbon  dioxide  of  the  air.  While  we  are  interested 
in  carbon  as  it  is  found  in*  combination  in  organic  forms 
and  in  the  form  of  carbonates  (p.  34),  our  main  interest 
in  connection  with  plant  nutrition  is  limited  to  the 
atmospheric  compound. 

Compounds  of  carbon. — While  the  number  of  com- 
pounds of  carbon  is  innumerable,  we  need  for  our  pur- 
poses consider  only  one. 

Carbon  dioxide,  CO2,  commonly  known  as  carbonic  acid 
gas,  is  a  compound  containing  27.3  per  cent,  of  carbon  and 
72.7  per  cent  of  oxygen.  It  is  present  in  the  air  under 
ordinary  conditions  to  the  extent  of  about  3  parts  in 
10,000  of  air.  Though  present  in  so  small  proportions, 
we  have  in  the  atmosphere  resting  upon  one  acre  of 
ground  more  than  28  tons  of  this  gas,  containing  over 
7J/2  tons  of  carbon,  an  amount  sufficient  to  supply  many 
times  the  amount  of  carbon  any  crop  can  possibly  use. 
To  furnish  the  carbon  in  a  tree  containing  10,000  pounds 
of  dry  matter  would  require  about  15,000,000  cubic 
yards  of  air.  There  js,  however,  no  danger  that  the  car- 
bon dioxide  of  the  air  will  ever  be  appreciably  reduced 


SOURCES  AND  COMPOUNDS  OF  PLANT-FOOD  ELEMENTS     6l 

in  amount,  because  the  supply  is  being  constantly  re- 
plenished in  various  ways,  as  by  the  burning  of  fuel,  the 
breath  of  animals  and  all  natural  processes  of  decay  of 
organic  matter.  Thus,  one  ton  of  good  coal  produces,  in 
burning,  over  3  tons  of  carbon  dioxide  gas.  The  people  in 
a  town  of  10,000  inhabitants  daily  breathe  out  not  less 
than  5  tons  of  this  gas,  an  amount  that  would  furnish 
enough  carbon  to  grow  several  acres  of  any  large- 
yielding  crop. 

OXYGEN 

Oxygen  is  the  most  abundant  of  all  the  chemical  ele- 
ments,, forming  a  large  part  of  earth,  air  and  water.  It 
occurs  naturally  in  both  combined  and  uncombined  forms. 

Source  of  oxygen,— For  convenience,  we  can  consider 
under  four  divisions  the  forms  in  which  oxygen  exists: 
(i)  Atmospheric  oxygen,  (2)  oxygen  in  minerals,  (3) 
water  oxygen,  and  (4)  organic  oxygen. 

(i)  Atmospheric  oxygen. — In  the  air  oxygen  is  found 
free  or  uncombined,  being  simply  mixed  with  the  other 
constituents.  Oxygen  constitutes  about  one-fifth  of  our 
entire  atmosphere,  which  means  that  in  the  air  resting 
upon  one  acre  of  the  earth's  surface  there  are  over  10,000 
tons  of  oxygen. 

(2)  Oxygen  in  minerals, — Nearly  one-half  of  the  crust 
of  the  earth  consists  of  oxygen,  which  is  in  various  forms 
of  combination  with  many  other  elements. 

(3)  Water  oxygen. — ^Eight-ninths  of  water  by  weight 
consists  of  oxygen. 

(4)  Organic  oxygen. — Over  one-third  of  all  animal  and 
vegetable  substances  consists  of  oxygen. 

HYDROGEN 

Hydrogen  is  present  in  plants  in  very  much  smaller 
amounts  than  is  carbon  or  oxygen,  constituting  only  6  or 
7  per  cent,  of  the  dry  matter  of  plants. 
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Source.— Hydrogen  is  rarely  found  in  nature  in  other 
tlian  combined  form.  We  can  conveniently  classify  its 
compounds  as  (i)  water  hydrogen,  (2)  mineral  hydro- 
gen, (3)  organic  hydrogen,  (4)  acid  hydrogen. 

(i)  Water. — ^This  is  the  most  abundant  hydrogen  com- 
pound and  contains  one-ninth  of  its  weight  as  hydrogen. 
This  is  the  source  of  hydrogen  in  plants. 

(2)  Mineral  sources. — ^Many  compoimds  in  the  6tist  of 
the  earth  contain  hydrogen.  Minerals  omtaining  water  in 
some  form  of  combination  are  called  hydrated. 

(3)  Organic  hydrogen. — AH  plant  and  animal  tissues  con- 
tain hydrogen  in  many  different  organic  compounds. 

(4)  Acid  hydrogen. — Hydrogen  is  a  characteristic  con- 
stituent  of  all  acids  (p.  30). 


CHAPTER  V 

ACTION  AND  DISTRIBUTION  IN  PLANTS  OF 
PLANT-FOOD  ELEMENTS 

It  is  a  matter  of  practical  interest  and  importance  to 
know  in  what  way  different  plant-food  elements  are  of 
value  in  the  growth  of  plants.  We  know  that  in  the 
animal  body  certain  food  constituents  perform  definite 
duties  peculiar  to  each  and  that  one  cannot  take  the 
place  of  another  in  the  processes  of  nutrition.  In  a  simi- 
lar way,  each  constituent  of  plant-food,  as  we  shall  sec, 
performs  some  function  or  displays  some  activity  peculiar 
to  itself.  We  may,  for  the  sake  of  a  general  illustration, 
regard  the  plant  as  a  factory  in  which  the  labor  is.  care- 
fully and  systematically  distributed ;  each  plant-food  ele- 
ment may  be  regarded  as  a  specialist  and  as  having  a 
kind  of  monopoly  in  the  field  of  its  specialty.  These 
specialists  are  mutually  interdependent  and  must  all  work 
together  in  order  to  produce  best  results.  If  one  clement 
overdoes  its  part  or  shirks  its  duty,  the  harmony  of  action 
is  disturbed  and  the  output  is  liable  to  be  abnormal 
in  amount  or  quality. 

We  shall  find  it  interesting  also  to  notice  how  the  ele- 
ments are  distributed  in  plants  in  a  way  to  indicate  the 
location  and,  to  some  extent,  the  character  of  their 
activities. 

While  the  organic  or  air-derived  elements  (carbon, 
hydrogen,  nitrogen,  oxygen)  contribute  most  of  the 
material  of  which  plants  are  made,  we  shall  be  able  to  see 
that  the  mineral  elements  have  functions  in  plant  nutri- 
tion that  are  so  important  as  to  make  their  presence  abso- 
lutely essential  and  that  no  one  element  can  take  the 
place  of  any  other  to  any  marked  extent^  if  at  alL 
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NITROGEN 

In  the  study  of  plant  nutrition,  especially  in  reference 
to  its  practical  applications  to  crop  growing*,  no  element 
has  probably  received  so  much  attention  as  nitrogen. 
This  element  is  present  in  the  dry  matter  of  plants  to 
the  average  extent  of  only  1.5  per  cent.,  and  yet  its  com- 
pounds are  of  the  highest  value  in  agriculture  as  well 
as  in  commercial  industries.  The  agricultural  impor- 
tance of  nitrogen  is  indicated  by  the  following  facts:  (i) 
This  element  is  an  essential  constituent  of  plant-foods; 
(2)  the  amounts  of  nitrogen  ordinarily  available  in  nature 
for  immediate  use  are  very  small :  (3)  nitrogen  is  one  of 
the  elements  of  the  soil  that  is  most  heavily  used  by 
crops ;  (4)  ofvall  forms  of  plant-foods  in  commerce  nitro- 
gen is  and  always  has  been  the  most  expensive;  (5) 
nitrogen  is  the  most  elusive  of  plant-food  constituents, 
since  it  changes  sooner  or  later  into  some  form  that  is 
easily  lost  to  soil  and  plant  (p.  179). 

Action  of  nitrogen  in  plants. — The  nitrogen-containing 
compounds  in  plants  are  of  peculiar  importance  in  rela- 
tion to  the  life  and  growth  of  plants,  since  they  form  an 
essential  part  of  an  important  substance  known  as  proto- 
plasm  (p.  162),  which  is  the  living  part  of  plant-cells. 
On  account  of  this  relation  no  other  substance  can  so 
quickly  show  its  beneficial  effect  upon  plant  growth  as 
nitrogen,  when  properly  applied. 

The  influence  of  nitrogen  upon  plant  growth  is  shown 
by  several  striking  eflfects,  which  are  more  or  less  closely 
associated  together,  but  which  for  convenience  we  will 
consider 'under  separate  heads,  as  follows:  (i)  Growth 
of  foliage,  (2)  flowering  process,  (3)  maturing  of  plants, 
(4)  color  of  plants,  (5)  regulation  of  plant  growth,  (6) 
quality  of  crops,  (7)  health  of  plants,  and  (8)  composi- 
tion of  plant. 

(i)  Effect  of  nitrogen  on  growth  of  foliage. — Nitrogen 
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is  intimately  associated  with  the  formation  of  leaves  and 
stems  in  plants;  an  abundance  of  nitrate  promotes  their 
growth,  and  the  presence  of  a  copious  supply  of  this 
plant-food  is  shown  in  no  way  more  quickly  than  by 
the  extreme  luxuriance  of  stem  and  leaf  growth.  This 
effect  is  of  the  highest  importance,  because  we  must 
have,  as  a  necessary  preliminary  for  complete  develop- 
ment of  plants,  a  good  growth  of  leaf  and  stem,  since  the 
leaves  especially  constitute  the  working  laboratory  of  the 
plant,  and  in  the  case  of  many  crops  the  foliage  itself 
is  the  product  for  which  the  crop  is  grown,  as,  for 
example,  celery,  lettuce,  cabbage,  cauliflower,  grasses,  etc. 
Lack  of  nitrogen  results  in  a  general  decreased  or  stunted 
growth  of  a  plant.  In  the  case  of  a  grain  crop,  like  wheat 
or  barley,  for  example,  the  stems  will  be  short  and  the 
leaves  small;  the  weight  of  straw  in  comparison  with 
the  weight  of  grain  will  be  less  than  in  case  of  a  crop 
grown  under  normal  conditions  of  nitrogen  supply. 

(2)  Effect  of  nitrogen  upon  the  flowering  process, — ^The 
growth  of  flowers  is  retarded  by  an  abundance  of 
nitrogenous  plant-food.  Ordinarily,  most  plants  at  a 
certain  stage  of  growth  cease  to  produce  new  branches 
and  leaves  and  no  longer  increase  those  already  formed, 
but  commence  to  produce  flowers  and  fruits  for  the 
development  of  seed  with  which  to  perpetuate  the  species. 
If  a  plant  is  provided  with  all  the  nitrate  nitrogen  it  can 
use  just  at  the  time  its  flower-buds  begin  to  develop, 
other  conditions  being  kept  normal,  the  process  of  flower 
formation  may  be  checked,  while  the  activity  of  growth 
is  transferred  back  to,  and  renewed  in,  stems  and  leaves, 
which  take  on  a  new  vigor,  multiply  and  show  remarkable 
luxuriance.  Should  flowers  be  developed  under  such  con- 
ditions, they  are  apt  to  be  sterile,  producing  either  no 
seed  or  only  unproductive  ones. 

(3)  E.ffect  of  nitrogen  upon  the  maturing  of  plants.-^ 
From  what  has  preceded,  it  can  be  readily  inferred  that 
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the  eiTect  of  furnishing  crops  large  amounts  of  available 
nitrogen  is  to  retard  the  maturing  process,  since  the  vege- 
tative activity  is  then  carried  on  in  the  leaves  and  stems 
of  plants  at  the  expense  of  flower  and  fruit.  A  crop 
grown  on  a  soil  excessively  rich  in  nitrogen  always  shows 
a  tendency  to  ripen  slowly;  it  is  late  and  shows  over- 
growth of  leaves  and  stems,  which,  in  the  case  of  a  grain 
crop,  often  results  in  a  tendency  to  lodge  badly  before 
maturity,  due  to  the  formation  of  long-jointed,  soft,  weak 
stems. 

(4)  Effect  of  nitrogen  upon  color  of  plants, — ^The  pres- 
ence of  an  abundant  supply  of  nitrogen  in  plants  is  usu- 
ally accompanied  by  a  deep  green  color  of  foliage,  which 
is  regarded  as  a  sign  of  vegetative  activity  and  health. 
The  substance  that  imparts  green  color  to  plants  is 
called  chlorophyl  (p.  163),  which  is  present  in  the  living, 
active  cells  of  plants,  forming  only  a  small  part  of  the 
cell  contents.  It  is  a  somewhat  complex  substance,  con- 
taining several  different  compounds.  Nitrogen  in  com- 
bination with  other  elements  is  a  prominent  constituent 
of  chlorophyl.  Protoplasm  and  chlorophyl  are  intimately 
associated  and  their  united  action  is  responsible  for  com- 
bining plant-food  elements  into  the  compounds  manu- 
factured in  the  plant.  Therefore,  it  can  be  readily  seen 
why  nitrogen  is  closely  connected  with  the  production 
of  green  color  in  plants  and  why  this  is  a  sign  of  vege- 
tative vigor  and  activity. 

An  important  application  of  this  effect  of  nitrogen  is 
seen  in  the  growing  of  fruits  like  apples.  In  the  case  ot 
apples  grown  with  larger  amounts  of  nitrogen,  the  color 
of  the  fruit  is  greener ;  this  is  noticeable  in  the  case  of  red 
apples  grown  on  tilled  soils  as  compared  with  sod. 
(p.  679). 

(5)  Effect  of  nitrogen  in  the  regulation  of  general  plant- 
groitkh. — ^As  a  result  of  the  effect  of  nitrogen  in  influencing 
&e  growth  of  plant  foliage,  we  may  say  that  the  amount  of 
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nitrogen  regulates  the  general  growth  of  the  whole  plant 
and,  therefore,  the  amount  of  plant-food  constiluents  that 
a  plant  can  use.  For  example,  it  does  not  matter  how  large 
amounts  of  available  phosphorus  and  potassium  com- 


EFFECTS  OP  SODIUM   NITRATE  ON  GROWTH  OF'  STEUS  AND 

LEAVES 

Com  was  grown  on  an  artificial  soil  containing  only  small 
amounts  of  nitrogen.  Nitrate  was  added  to  2  but  not  to  L  Connec- 
ticut (New  Haven)  Station. 

pounds  there  may  be  in  a  soil ;  the  amount  of  these  con- 
stituents used  by  a  crop  is  more  or  less  reg:ulated  by  the 
amount  of  nitrogen  at  hand,  within  reach  of  the  crop. 
This  is  one  of  the  reasons  why  nitrogen  is  so  highly 
impCM-tant  in  the  feeding  of  plants. 
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(6)  Effect  of  nitrogen  on  quality  of  crops. — ^The  quality 
of  crops  IS  affected  by  the  amount  of  nitrogen  used  by  a 
crop.  Large  applications  cause  softness  of  tissues,  which 
may  be  desirable  or  undesirable,  according  to  the  kind 
of  crop.  In  the  case  of  crops  in  which  decided  succu- 
lence, tenderness  and  crispness  are  desired,  such  as  let- 
tuce, celery,  asparagus,  etc.,  relatively  large  amounts  of 
nitrogen  are  needed.  In  the  case  of  cabbages  and  similar 
vegetables,  large  amounts  of  nitrate  produce  rapid  growth 
and  delicious,  tender  crispness,  but  their  keeping  quality 
is  impaired.  For  immediate  consumption  one  can,  there- 
fore, use  larger  amounts  of  nitrogen  than  when  the  crop 
is  to  be  stored  for  a  considerable  length  of  time.  The 
quality  of  grain  is  seriously  affected  by  too  much  nitro- 
gen. Wheat,  for  example,  is  lighter,  weighs  less  per 
bushel,  while  in  the  case  of  barley  the  berry  is  light  in 
weight,  thick-skinned  in  appearance  and  unsatisfactory 
for  malting  purposes. 

(7)  Effect  of  nitrogen  upon  the  resisting  power  of 
plants, — Excessive  use  of  nitrogen  in  growing  crops  is 
liable  to  make  them  less  resistant  to  the  attack  of  fun- 
gous diseases.  This  is  a  matter  of  common  experience. 
Nursery  stock  grown  on  land  that  has  been  fertilized 
exclusively  for  years  with  large  amounts  of  farm  manure 
is  known  to  be  susceptible  to  plant-diseases  and,  in  some 
cases,  also  to  attack  of  some  insects.  Rust  is  more  abun- 
dant on  wheat  crops  which  have  been  too  heavily  fed 
with  nitrogen.  Greenhouse  crops  are  grown  on  soils  very 
rich  in  nitrogen  and  much  trouble  is  experienced  with 
plant-diseases.  Shrubbery  and  young  trees  which  have 
been  pushed  too  rapidly  in  the  growth  of  new  wood  by 
excessive  feeding  with  nitrogen,  are  less  resistant  to  the 
effects  of  severely  cold  weather. 

(8)  Effect  of  nitrogen  upon  the  composition  of  plants.-^ 
While  the  changes  in  composition  of  plants  due  to  use  of 
increasing  amounts  of  nitrogen  are  not  large,  the  fact 
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of  such  a  tendency  is  well  established,  showing  that  both 
the  straw  and  grain  of  plants  grown  with  large  amounts 
of  nitrogen  contain  somewhat  more  of  this  element. 

Distribution  of  nitrogen  in  plants. — In  the  growing 
plant,  the  nitrogen  is  present  in  larger  proportions,  first 
in  the  leaves  and  finally  in  the  seeds;  it  is  found  as  a 
living  constituent  of  the  protoplasm  (p.  162)  and  as  a 
reserve  food  in  the  cells.  Nitrogen  is  prominent  in  the 
living  parts  of  plants;  in  the  inactive  or  formerly  living 
portions,  it  appears  as  a  remnant  These  statements  are 
illustrated  by  the  following  figures : 

Table  7 — Pounds  of  Nitrogen  in  1,000  Pounds  of 

Dry  Matter 

Variety  and  part  of  plant       J-^jJ 


Variety  and  part  of  plant       ^SS^ 

Baldwxw  Applbs 

Fruit  •.••••••.•••....•..•••     2.8 

,     Leavea 18.4 

New  wood 9.2 

GOLDBN  SWBBT 

Flesh  ol  apple 3.8 

Sldn....:. 4.7 

Cora 10.4 

Leaves  (61^ 8.1 

Newwood 9.7 

Grapbs^ 

Bemes  •  a  ••••.••.••••.••■•  a  •  8.2 

Leaves 16.9 

New  wood 5.4 

Raspbbrsxbs 

Berries 12.1 

Leaves. 23.3 

New  wood 7.6 

Old  wood 4.3 

Asparagus  Tops 

Mays 23.1 

Aug.  18 13.2 

^     '      24.5 


nitrogen 


Gardbk  Pbas 

Seeds 

Pods 

Leaves . . . . 
Vines 


44.5 

18.7 

38.5 

12.2 

Bbbts 

Roots 31.0 

Tops 30.1 

Young  tops  and  roots 41.3 

Whbat 

Grain 23.0 

Straw 6.0 

Oats 

Grain 18.8 

Straw 5.3 

Corn 

Kernels 18.8 

Leaves  and  stalks 11.5 

Pbas 

Seeds 

Straw......... 


41.8 
16.6 


PHOSPHORUS 

Phosphorus  compounds  are  found  everjrwhere  in  soils 
and  are  of  great  value  in  their  relation  to  plants.  The 
phosphorus  present  in  bones  in  the  form  of  calcium 
phosphate  is  taken  into  the  animal  body  in  the  foods. 
All  plants  used  as  food  contain  small  amounts  of  phos- 
phorus compounds,  which  they  obtain  from  the  soil. 
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The  phosphorus  compounds  in  the  foods  consumed  by 
animals  are  largely  passed  into  the  excrements.  Soils 
often  become  deficient  in  available  phosphorus  com- 
pounds, especially  in  regions  where  grain  crops  are  grown 
continuously  for  long  periods.  Phosphorus  compounds 
are  found  present  in  seeds  in  larger  amounts  than  in  any 
other  portion  of  plants. 

Action  of  phosphorus  in  plants. — In  connection  with 
the  growth  of  crops,  phosphorus  compounds  produce 
several  important  effects  of  practical  interest,  which  can 
be  conveniently  discussed  under  the  five  points  follow- 
ing: (i)  Effect  on  germination  of  seed,  (2)  effect  on 
early  ripening,  (3)  effect  on  relation  of  g^ain  and  straw, 
(4)  effect  on  nitrogen  in  grain,  and  (5)  relation  to  pro- 
toplasm. 

(i)  Effect  of  phosphorus  upon  germination  of  seed. — 
Available  phosphorus  compounds  favor  rapid  develop- 
ment of  the  young  seedling  by  stimulating  the  growth  of 
roots  and  thus  giving  the  young  plant  a  good  start.  It 
has  been  a  familiar  practice  with  progressive  farmers  to 
give  a  crop,  corn  for  example,  a  generous  application  of 
soluble  phosphate  at  the  time  of  planting  in  order  to 
insure  prompt  growth  of  seed  and  to  establish  the  plant 
in  the  soil  under  conditions  favorable  to  its  continued 
development. 

(2)  Effect  of  phosphorus  on  early  ripening  of  crops. — 
Phosphates  tend  to  favor  the  early  maturing  of  crops. 
The  formation  of  grain  begins  sooner  when  soluble  phos- 
phate is  freely  used.  It  has  been  shown  that  there  may 
be  fully  a  week's  difference  in  the  ripening  of  field  crops 
due  to  the  generous  application  of  soluble  calcium  phos- 
phate, other  conditions  being  uniform.  This  maturing 
effect  of  phosphorus  is  due  to  the  close  relation  it  has  to 
seed  production.  Plants  do  not  come  to  maturity  and 
do  not  produce  seeds,  unless  supplied  with  available 
phosphorus  compounds.    It  is  not  surprising,  therefore. 
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that  phosphorus  compounds  are  always  found  in  larger 
amounts  in  seeds  than  in  any  other  part  of  plants.  The 
ripening  effect  of  phosphorus  is  just  the  reverse  of  that 
of  available  nitrogen,  which,  as  we  have  seen,  tends  to 
prolong  the  season  of  growth  and  delay  the  maturing 
process,  when  applied  abundantly. 

(3)  E,ffect  of  phosphorus  on  relative  production  of  grain 
and  straw. — Available  phosphates,  generously  used,  increase 
the  proportion  of  grain  to  straw,  which  again  is  the 
reverse  of  the  action  of  nitrogen. 

(4)  Effect  of  phosphorus  on  nitrogen  content  of  grain. — 
When  available  phosphorus  compounds  are  liberally 
supplied  to  grain  crops,  the  grain  produced  contains  a 
smaller  percentage  of  nitrogen  than  under  ordinary  con- 
ditions; this  again  is  directly  opposite  to  the  effect  of 
nitrogen. 

(5)  Relation  to  protoplasm. — ^Without  phosphorus  pro- 
toplasm could  not  exist,  and  there  can  be  no  plant-growth 
without  protoplasm. 

Distribution  of  phosphorus  in  plants. — ^The  discussion 
of  the  action  of  phosphorus  in  plant  nutrition  emphasizes 
the  fact  that  phosphorus  is  largely  and  intimately  asso- 
ciated with  seed  production,  as  suggested  by  a  recapitula- 
tion of  the  statements  already  made:  (i)  Stimulation  of 
seed  germination  and  more  rapid  development  of  young 
seedlings ;  (2)  tendency  of  generous  application  of  soluble 
phosphates  to  favor  early  maturing  of  crops;  (3)  the 
necessity  of  abundance  of  soluble  phosphorus  compounds 
for  the  production  of  good  yields  of  grain,  promoting  in- 
crease of  production  of  grain  in  relation  to  straw;  (4) 
the  effect  of  soluble  phosphates  upon  the  composition  of 
the  grain,  reducing  the  percentage  of  nitrogen.  These 
facts  are  still  further  emphasized  when  we  examine  the 
different  parts  of  plants  with  reference  to  their  phos- 
phorus content,  as  indicated  on  the  next  paf  e. 
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Table  8 — Pounds  op  Phosphorus  in  i,ooo  Pounds  of 

Dry  Matter 


Vaitety  and  part  ai  plaat 


Baldwin  Applb 

Fruit 1.3 

Leaves 2.8 

New  wood •  •  3.5 

GOLDBN  SWBBT 

Flesh  o£  apple. .....  1.3 

Skin 1.5 

Core 5.1 

Leave*  (old) 1.2 

New  wood 3.0 

Grapbs 

Berries S.6 

Leaves 3.2 

New  wood 1.6 

Raspbbrribs 

Berries.  ••...  a.... .  5.6 

Leaves 4.5 

New  wood 2.3 

Old  wood 0.9 

Asparagus  Tops 

May5 7.4 

Aug.  18 3.3 

Berries 7.6 


a6 

1.3 
1.5 

0.6 

ar 

1.3 
0.5 
1.3 

1.6 
1.4 
0.7 

2.5 
2.0 
1.0 
0.4 

3.2 
1.4 
3.3 


Variety  and  part  of  plant 

it. 

£'3 

sk 

Oasdbn  Pbas 

Seeds 

Pods 

11.2 
3.5 
5.0 
2.5 

6.2 

7.5 

10.1 

4.8 

1.5 

Leaves 

2.2 

^nes 

1.1 

Bbbts 

Roots 

2.7 

Tops 

Young  roots  and  tops 

3.2 
4.4 

Whbat 

Orain  .' 

9.5 
2.7 

6.4 
2.1 

4.1 

Straw 

1.2 

Oats 

Gndn 

Straw 

2.8 

a9 

Corn 

Kernels 

Leaves  and  stalks. .  • 

6.4 
4.4 

2.8 
1.9 

Pbas 

Seeds 

Straw • 

ia2 

4.4 

4.4 

1.9 

POTASSIUM 


Action  of  potassium  in  plants. — Potassium  compounds 
are  essential  to  several  of  the  important  forms  of  activity 
in  plant  life.  Generally  speaking,  they  are  most  abundant 
in  young  and  growing  parts  where  vegetative  activity  is 
greatest  and  least  abundant  in  the  older  parts  that  have 
ceased  to  grow.  The  effect  of  potassium  upon  plant 
growth  and  products  is  shown  in  many  different  ways, 
which  will  be  noticed  under  the  following  headings:  (i) 
Effect  upon  formation  of  carbohydrates,  (2)  effect  on 
formation  and  transference  of  starch,  (3)  effect  on  growth 
of  stems  and  leaves,  (4)  effect  on  fleshy  fruits,  (5)  effect 
on  plant-cells,  (6)  relation  to  protoplasm,  (7)  relation  to 
plant  acids,  (8)  effect  in  prolonging  growing  period,  (9) 
effect  on  plant  resistance,  and  ( 10)  effect  on  leguminous 
crops. 
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(i)  Influence  of  potassium  upon  formation  of  carhoky* 
drates. — ^In  order  that  a  plant  may  produce  starch,  sugar, 
cellulose  and  other  carbohydrates,  potassium  compounds 
are  absolutely  necessary.  In  some  way,  not  yet  clearly 
understood,  the  presence  of  potassium  is  necessary  to 
enable  the  plant  to  combine  the  carbon,  hydrogen  and 
oxygen  furnished  by  carbon  dioxide  and  water,  and  thus 
it  influences  and  makes  possible  the  process  of  assim- 
ilation by  which  these  elementary  constituents  are  built 
into  carbohydrate  products. 

(2)  Effect  of  potassium  upon  formation  and  transference 
of  starch. — ^It  is  believed  that  potassium  aids  in  doing  impor- 
tant work,  not  only  in  the  formation  of  carbohydrates,  but 
also  in  the  transference  of  starch  from  one  part  of  a  plant 
to  another.  One  of  the  chief  forms  of  vegetative  activity 
in  leaves  is  the  formation  of  starch;  as  first  produced 
in  the  leaf  the  starch  is  insoluble,  but  in  some  way  it  is 
changed  into  soluble  compounds  within  the  plant-cells 
and  is  then  able  to  pass  through  the  cell-walls  gradually 
and  later  to  be  carried  into  the  fruit  or  seed  where  it 
accumulates  and  changes  back  to  its  usual  insoluble  con- 
dition. Potassium,  as  well  as  calcium  (p.  77),  appears 
to  be  essential  in  rendering  assistance  in  some  way  in 
the  performance  of  these  important  duties  in  association 
with  other  elements. 

(3)  Effect  of  potassium  upon  growth  of  stems  and 
leaves. — Potassitim  compoimds  are  important  in  plant  nutri- 
tion because  they  have  a  marked  influence  upon  the  devel- 
opment of  leaves  and  of  woody  parts  of  stems.  When 
potassium  is  deficient  in  a  plant  the  stems  are  apt  to  be 
weak  and  brittle.  The  close  relation  of  this  plant-food 
constituent  to  the  development  of  leaves  and  stems  is 
suggested  by  the  fact  that  larger  amounts  of  potassium 
compounds  are  found  in  these  portions  of  plants  than  in 
any  other  part.    This  fact  is  consistent  also  with  the 


^4  FERTILIZERS  AND  CROPS 

function  potassium  compounds  perform  in  the  manufac- 
ture of  carbohydrates,  as  already  pointed  out. 

(4)  Effect  of  potassium  upon  fleshy  fruits, — It  is  com- 
monly believed  that  potassium  compounds  are  requisite 
to  a  normal  development  of  the  fleshy  portions  of  fruits. 
This  is  supported  by  the  following  results  of  analysis  of 
several  varieties  of  grapes : 

Table  9— Pounds  of  Potassium  in  1,000  Pounds  of 

Dry  Matter 

Berries  Leaves  New  wood 

Potash    Eqxxalto    Potash    Eqtialto    Potash  Equal  to 
Vaitoky  (KsO)    potassium    (K2O)    potassium  (K2O)  potassium 

(K)  (K)  (K) 

Ddawara 21.0  17.4  10.0  8.3  6.4  5.3 

ConcDid 16.8  14.0  16.2  13.5  6^  5.5 

Catawba 16.4  13.5  11.0  9.1  6.0  5.0 

Diamood 13.6  11.2  ia7  8.9  8.7  7.2 

(5)  Effect  of  potassium  on  plant-cells. — In  order  that 
plant-cells  may  satisfactorily  do  thefr  work  of  manufac- 
turing plant  compounds  from  its  food  constituents,  it  is 
necessary  that  the  cells  be  somewhat  swollen  and  turgid 
(p.  146).  Potassium  compounds  are  believed  to  be  the 
mineral  compounds  mainly  associated  with  this  impor- 
tant action. 

(6)  Relation  of  potassium  to  protoplasm. — ^Although 
potassium  is  not  a  constituent  of  protoplasmic  sub- 
stances, it  appears  to  be  intimately  associated  with  the 
formation  and  activity  of  protoplasm,  since  it  is  present 
in  largest  amounts  in  the  growing  portions  where  vege- 
tative activity  is  most  intense. 

(7)  Relation  of  potassium  to  plant  acids. — Potassium 
compounds  are  present  in  those  plant  juices  which  are 
rather  sour.  In  these  cases,  potassium  is  combined  as  an 
acid  salt  (p.  19)  with  such  organic  acids  as  tartaric, 
oxalic^  citric,  etc.  For  example,  the  acidity  of  grapes  is 
due     to    the     acid     salt,     potassium     acid     tartrate 
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(KH.C4H4O6) ;  the  sourness  of  sorrel  comes  from  acid 
potassium  oxalate  (KH.C2O4). 

(8)  Effect  of  potassium  in  prolonging  period  of  growth.—* 
A  relative  excess  of  potassium,  compounds  supplied  to 
a  crop  tends  to  prolong  the  period  of  growth  in  stems 
and  leaves  and  thus  delays  the  maturing  of  the  crop.  In 
this  respect  it  resembles  the  effect  of  nitrogen. 

(9)  Effect  of  potassium  upon  resistance  to  disease. — 
Potassium  compounds  appear  to  enable  plants  to  with- 
stand more  effectively  attacks  of  fungous  diseases.  For 
example,  in  the  absence  of  sufficient  potassium,  wheat 
is  liable  to  rust.  Grasses  on  soils  poor  in  potassium  com- 
pounds are  liable  to  various  fungous  diseases.  In  gen- 
eral, crops  which  do  not  receive  their  full  supply  of 
potassium  are  more  liable  to  disease,  and  in  this  condition 
the  resisting  power  is  weakened  still  more  if  the  plant 
receives  large  amounts  of  available  nitrogen. 

(10)  Effect  of  potassium  on  leguminous  crops. — Potas- 
sium compounds  produce  a  pronounced,  favorable  effect 
upon  the  growth  of  the  leguminous  crops,  clovers,  alfalfa, 
beans,  peas,  etc.  When  potassium  compounds  are  applied 
to  soils  deficient  in  this  plant-food  element,  as  sandy  and 
gravelly  lands,  the  effects  upon  the  growth  of  leguminous 
crops  are  usually  very  marked.  In  what  way  potas- 
sium does  this  work  is  not  definitely  known,  but  it  has 
been  suggested  that  it  promotes  the  growth  of  the  bac- 
teria associated  with  the  formation  of  the  root-nodules 
by  furnishing  them  abundant  supplies  of  carbohydrates 
(p.  218). 

Distribution  of  potassium  in  plants. — ^The  data  in  the 
following  table  illustrate  the  relations  of  potassium  to 
the  different  parts  of  plants. 
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Table  io — Pounds  of  Potassium  in  i,ooo  Pounds  op 

Dry  Matter 


Variety  and  part  at     Potash 
plant  CK2O) 

Baldwin  Applb 

Prtiit 6.9 

Leaves 4.3 

New  wood 4.6 

GOLDBN  SWBBT 

Flesh  of  apple 7.5 

Skin 10.3 

Core 12.0 

Leaves  (old) 4.3 

New  wood 5.4 

Grapbs 

Berries..! 15.9 

Leaves 12.1 

New  wood •  •    5.4 

Raspbbrribs 

Fruit 15.6 

Leaves •  10.6 

New  wood 5.0 

Old  wood 3.S 

Asparagus  Tops 

May  5 166 

Aim.  18 •  25.6 

18.0 


Equal 
to  po- 
tassium 
(K) 

5.7 
3.5 

3.8 

6.2 

8.5 

10.0 

3.5 

4.5 

13.0 

10.0 

4.5 

13.0 
9.0 
4.1 
3.0 

14*0 
21.0 
15  0 


Equal 

Variety  and  part  of      Potash  to  po- 

plant                 (KsO)  tassiua 

(K) 

Garden  Pbas 

Seeds 17.2  14.3 

Pods 17.0  14.1 

Leaves 34.3  28.4 

Vines 36.0  3aO 

Bbbts 

Roots 62.6  52.0 

Tope 49.5  41.2 

Young  tops  and  roots  72. 1  60.0 

Whbat 

Grain 6.4  5.4 

Straw 5.8  4.8 

Oats 

Grain 4.9  4.0 

Straw 11.3  9J 

Corn 

Kernels 3.8  8.2 

Leaves  and  stalks..  19.1  16.0 

Pbas 

Seeds 11.4  9.5 

Straw 12.4  103 


CALCIUM 

Some  of  the  practical  relations  of  calcium  compounds 
in  the  growing  of  crops  have  been  long  appreciated  in 
practice,  though  the  exact  reasons  for  the  results 
obtained  were  not  understood,  and  especially  so  far  as  the 
plant  itself  was  concerned.  We  are  here  interested,  not 
in  the  action  of  calcium  compounds  on  the  soil,  which 
will  be  taken  up  later  (p.  373),  but  in  their  action  in  the 
plant  as  a  source  of  plant  nutrition. 

Action  of  calcium  on  plants. — Some  of  the  functions  of 
calcium  in  plant  nutrition  are  fairly  well  known,  at  least 
by  inference,  though  the  evidence  may  be,  perhaps,  not 
yet  regarded  as  actually  established  beyond  doubt.  We 
can  consider  the  effects  and  relations  of  calcium  in  plants 
under  four  heads,  as  follows:  (i)  Effect  on  cell-walls, 
(2)  effect  on  transportation  of  starch,  (3)  effect  on  root- 
hairs,  and  (4)  relation  to  acids. 
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(i)  Effect  of  calcium  on  cett-wdlls. — One  of  the  probable, 
important  functions  of  calcium  compounds  is  to  aid  in 
the  growth  and  solidification  or  strengthening  of  cell- 
walls. 

(2)  Effect  of  calcium  on  transportation  of  starch. — Cal- 
cium, as  well  as  potassium  (p.  73),  appears  to  be  asso- 
ciated with  the  transference  of  starch  in  plants.  Starch 
in  the  form  of  insoluble  granules  is  known  to  be  formed 
in  the  leaves  of  plants ;  sooner  or  later  it  is  in  some  way 
changed  into  a  soluble  form  within  the  plant-cells  and  is 
then  able  to  pass  through  cell-walls  gradually  and  later 
be  carried  into  the  fruit  or  seed,  where  it  accumulates  and 
may  change  back  to  its  insoluble,  granular  condition. 
This  function  was  formerly  thought  to  depend  chiefly 
upon  the  presence  of  potassium  compounds,  but  the  exact 
relations  of  different  elements  to  the  changes  cannot  be 
regarded  as  known  with  a  satisfactory  degree  of  fullness 
or  certainty. 

(3)  Effect  of  calcium  upon  the  development  of  root-hairs. 
It  has  been  noticed  that  in  the  absence  of  calcium  com- 
pounds root-hairs  (p.  164)  do  not  develop  as  profusely 
as  they  do  when  such  compounds  are  abundant. 

(4)  Relation  of  calcium  compounds  to  acids. — Caldtim 
is  found  in  plants  in  combination  with  different  acids, 
especially  oxalic,  forming  calcium  oxalate,  which  can 
often  be  seen  in  the  form  of  small  crystals.  It  is  inferred 
that  in  uniting  with  oxalic  acid  and  forming  calcium  oxa- 
late, which  is  not  soluble  in  water,  the  calcium  is  utilized 
to  remove  the  oxalic  acid  in  this  way  and  thus  neutralize 
its  injurious  effects  when  present  as  an  uncombined 
acid.  Calcium  is  also  found  in  plants  as  carbonate  and 
phosphate  and  sometimes  as  sulphate. 

Distribution  of  calcium  in  plants. — In  a  study  made  by 
the  author  of  the  composition  of  the  fruit,  leaves  and  new 
wood  in  several  varieties  of  fruit  trees  and  bushes,  it  was 
shown  that  the  new  wood  uses  more  than  three  times  tha 
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amount  of  calcium  used  by  the  fruit,  whfle  the  leaves 
use  over  fifteen  times  as  much  as  the  fruit.  Calcium  is 
thus  seen  to  be  present  in  largest  amounts  where  there 
is  the  greatest  vegetative  activity.  Calcium  is  found  most 
abundantly  in  those  tissues  that  have  attained  their 
growth,  and  in  which  there  is  going  on  the  work  of 
food-making  in  the  chlorophyl-containing  cells  of  leaves, 
etc.  Calcium  is  less  abundant  in  those  organs  of  the 
plant  in  which  the  manufactured  foods  are  stored,  and  in 
dead  parts  such  as  old  wood.  These  statements  are  illus- 
trated in  the  following  figures: 

Table  ii — Pounds  of  Calcium  in  i/xx)  Pounds  of 

Dry  Matter 

PooxKb  pounds 

Vtfktr  and  part  gI  plant         ofcal-  .  Variety  and  pait  of  plaat         olcal- 

(Ca)  (Ca) 

Baldwin  Applb  Bbbts 

Fruit 0.3                Roots 1.6 

Leaves... 22.0                Leaves 2L4 

New  wood L8  Turnips 

"ACHES                                                               Roots.. 6.1 

g™itpwlp 5-5                Leaves 27.3 

Ifewwiid' ^9                9^ <^5 

Prars            ^^^^ ^* 

^  Fruit 0.6  Oats 

Leaves 20.3                 Gram 0.1 

Newwood 11.4          ^    Straw 3.0 

Plums  Corn 

Fruit  pulp 0.7                 Kernels a3 

Stones 1.0                 Leaves  and  stems 4.3 

Stems 18.1  Pbas 

Leaves..... 30.3                Seeds.......... 1.0 

Newwood 17.6                Straw 15.4 

MAGNESIUM 

Magnesium  was  formerly  regarded  as  of  secondary 
importance  in  relation  to  plant  nutrition,  but  an  increased 
knowledge  of  what  it  does  in  plants  has  shown  it  to  be 
of  much  importance.  It  is  absolutely  indispensable  to 
all  plants.    While  magnesium  and  calcium  have  points  of 
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close  chemical  resemblance,   neither  one  can  take  the 
place  of  the  other  in  their  relations  to  plant  life. 

Action  of  magnesium  in  plants. — The  work  of  mag- 
nesium in  plants  is  less  understood  even  than  that  of 
calcium.  We  will  consider  four  points  in  this  connec- 
tion, as  follows:  (i)  Relation  to  seeds,  fruit,  etc.,  (2) 
relation  to  proteins,  (3)  relation  to  chlorophyl,  (4)  effect 
as  poison. 

(i)  Relation  of  magnesium  to  seeds  and  other  parts  of 
plants. — Magnesium  compounds  accumulate  in  seeds,  fruits, 
flowers,  roots  and  tubers .  to  a  larger  extent  than  does 
calcium,  but  less  in  stems,  leaves  and  wood,  while  the 
reverse  is  true  of  calcium.  Hence,  magnesium  com- 
pounds appear  especially  important  in  the  formation  of 
seeds. 

(2)  Relation  of  magnesium  to  proteins. — ^Magnesium, 
though  not  a  constituent  element  of  protoplasm  (p.  162), 
appears  to  be  associated  with  nitrogen  compounds  in  the 
protoplasm  in  the  formation  of  proteins.  Its  special 
value  is  thought  to  consist  in  aiding  in  the  assimilation 
of  phosphates. 

(3)  Relation  of  magnesium  to  chlorophyl. — Magnesium 
is  believed  to  be  an  essential  constituent  of  chlorophyl 
(p.  163)  and,  therefore,  of  use  in  the  formation  of  starch. 

(4)  Effect  of  magnesium  compounds  as  poisons. — ^Mag- 
nesium compounds,  especially  the  chloride,  may  act  as  a 
poison  and  injure  plants  in  the  absence  of  calcium  com- 
pounds. Solutions,  even  of  great  dilution,  injure  plant 
roots  under  such  conditions.  It  is  held  by  some  that 
magnesium  compounds  are  injurious  to  plants  when  the 
ratio  of  magnesium  to  calcium  goes  beyond  a  certain 
limit,  but  the  exact  ratio  is  a  matter  of  dispute  and 
appears  to  vary  according  to  many  diflferent  conditions. 

Distribution  of  magnesium  in  plants. — ^The  distribution 
of  magnesium  compounds,  as  already  stated,  appears  to 
be  marked  in  amount  in  seeds,  fruits,  flowers,  roots  and 
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tubers,  in  comparison  with  calcium,  but  the  reverse  in 
leaves,  stems,  straw  and  new  wood,  as  illustrated  by  the 
following  figures,  which  should  be  compared  with  those 
in  Table  1 1 : 

Table  12 — Pounds  of  Magnesium  in  1,000  Pounds  of 

Dry  Matter 


Pounds 
Variety  and  part  of  plant  of  mag- 

nesium 
(Mg) 

Baldwin  Applb 

Fruit 0.6 

Leaves 6.3 

New  wood 0.3 

PBACHBS 

Fruit  ptdp 1.0 

Stones 0.1 

Leaves 8.8 

New  wood 0.3 

Pbars 

Fruit 0.6 

I^eaves 4.2 

New  wood 1.8 

Plums 

Fruit  pulp 0.9 

Stones 0.9 

Stems 4.3 

I^eavea 8.0 

Newwood 3.2 


Pounds 
Variety  and  part  of  plant         of  mag- 

nesium 
(Mg) 

Bbbts 

Roots 1.S 

Leaves 10.2 

Turnips 

Roots 1.8 

Leaves 2.8 

Wheat 

Oialn 1.6 

Straw as 

Oats 

Grain 1.6 

Stnw 1^ 

Corn 

Kernels 1.S 

Leaves  and  steios. tB 

Peas 

oecuS .. .••••••••••••••■•••  1«3 

Straw 2j6 


SULPHUR 


It  is  well  established  that  in  the  entire  absence  of  sul- 
phur compounds  (sulphates)  plants  do  not  grow» 
although  the  amount  required  is  small. 

Action  of  sulphur  in  plants. — While  much  remains  to 
be  learned  about  the  relations  of  sulphur  to  plant  nutri- 
tion, a  few  facts  are  available  that  bear  on  the  subject. 
Two  points  will  be  mentioned  in  this  connection:  (l) 
Relation  to  proteins  and  (2)  relation  to  certain  oils. 

(i)  Relation  of  sulphur  to  proteins. — Sulphur  is  always 
a  constituent  of  protoplasm  and  also  of  plant  proteins. 
Therefore,  whatever  specific  work  it  may  do  in  plant 
nutrition,  its  action  is  important. 
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(2)  Relation  of  sulphur  to  odorous  oils, — Sulphur  is  a 
constituent  of  mustard  oil,  which  imparts  characteristic 
flavors  to  cruciferous  plants,  such  as  mustard,  horse- 
radish, turnip,  cabbage,  etc.  Sulphur  is  also  contained  in 
garlic  oil,  the  highly  odoriferous  compound  that  is  char- 
acteristic of  onions,  garlic,  leeks,  etc. 

Distribution  of  sulphur  in  plants. — Sulphur  compounds 
occur  much  more  largely  in  leaves  and  stems  than  in 
other  parts  of  plants,  as  shown  below: 

Table  13 — Pounds  of  Sulphur  in  1,000  Pounds  of  Dry 

Matter 

Pounds 

of  8Ul« 

Variety  and  part  of  plant  phur 

(S) 

Straw 1.3 

Cabbagb  Lbavbs 1.0 

HorsbRadxss 2.0 

Bbbts 

Roots 0.1 

Leaves 3.4 

Turnips 

Roots 0.3 

Leaves 4.4 

IRON 

Action  of  iron  in  plants. — We  have  some  interesting 
facts  about  the  action  of  iron  compounds  in  plants,  which 
enable  us  to  state  more  clearly  than  in  the  case  of  some 
other  elements  what  its  function  is.  In  the  absence  of 
iron  compounds  plants  develop  no  green  color,  whether 
with  or  without  sunshine.  Unless  green  plants  receive 
enough  iron  compounds,  no  chlorophyl  (p.  163)  can  be 
formed  and  therefore  no  green  color,  and,  further,  no 
normal  growth.  Although  no  iron  compound  appears  to  be 
a  constituent  of  protoplasm  or  of  any  coloring  matter  in 
chlorophyl,  yet  in  some  way  the  presence  of  an  iron  com- 
pound is  absolutely  necessary  for  the  production  of  green 


Vailsty  and  port  gI  plant 
Wrbat 

0^r\ , ,,,,. 

Pounds 
of  sul- 
phur 
(S) 

. .     0.04 

Straw 

.  •     0.5 

Oats 

Grain 

, . .    0.2 

Straw 

, . .     0.9 

Corn 

Kernels 

, . .    d.04 

,..     l.l 

^i^ 

...   a4 
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color  in  leaves,  stems,  etc.  Under  some  conditions  plants 
fail  to  assimilate  iron  and  remain  white  or  nearly  so, 
when  they  are  said  to  be  suffering  from  chlorosis,  which 
is  regarded  as  the  result  of  a  diseased  condition.  Some- 
times a  shoot  develops  so  rapidly  that  iron  compounds  do 
not  reach  the  growing  parts  quickly  enough,  and  then 
the  newly  formed  leaves  are  white  instead  of  green. 

Owing  to  the  fact  that  iron  salts  are  essential  to  the 
formation  of  green  color  in  plants,  the  opinion  has 
become  widely  prevalent  among  farmers,  especially  fruit 
growers,  that  iron  compounds  are  the  direct  cause  of  high 
color  in  fruit  and  flowers.  This  has  led  to  driving  nails 
into  fruit  trees,  or  burying  iron  scraps  about  the  roots, 
and  similar  practices.  So  far  as  we  have  any  reliable  facts 
bearing  on  the  matter,  they  are  insufficient  to  justify  the 
theory.  No  direct  evidence  has  yet  been  furnished  to 
show  that  the  application  of  iron  compounds  has  any 
beneficial  effect  on  either  color  or  yield  of  fruit. 

Distribution  of  iron  in  plants. — From  the  data  given 
below,  it  is  seen  that  iron  is  present  generally  in  leaves 
in  larger  amounts  than  elsewhere  in  plants : 

Table  14— Pounds  of  Iron  in  1,000  Pounds  of  D&y 

Matter 


wttwbf  sud  psfl  of  pfattift 


Wh»at 

SteBW 

OaT8 

GtalD 

Straw 

Corn 

Kernelf 

Leavw  tfld  lUdki 


Bounds 
Iron 


as 
a2 

as 

a6 

0.1 
as 


Variety  and  pan  of  plaaft 


PBAft^ 

Seeds . 

Straw. 
Bbbts 

Roots. 

Tops., 
Turnips 

Roots. 

Tops., 


IVRtfina 
ifQn 
(Fte) 


au 
0.6 

a4 

L5 

a4 


CHLORINE 

All  plantA  contain  some  chlorine,  generally  as  sodium 
chloride,    llie  necessity  of  chlorine  in  plant  nutritioii 
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tnajr  be  regarded  as  still  an  unsettled  question,  although 
the  weight  of  evidence,  on  the  whole,  appears  to  be 
against  the  need  of  this  element  in  normal  plant  growth. 
Action  of  chlorine  in  plants. — Chlorine  compounds  or 
.  chlorides,  to  be  more  specific,  are  needed,  if  at  all,  only  in 
the  smallest  possible  proportions.  Salt  bey^ond  a  certain 
amount  acts  as  a  poison  to  plants,  the  chlorine  and  the 
sodium  both  acting  injuriously.  The  ability  of  plants  to 
withstand  injurious  action  of  salt  is  shown  by  strand  and 
marine  plants,  which  contain  much  more  salt  than  inland 
plants  and,  indeed,  an  amount  that  would  kill  inland 
plants.  For  example,  some  strand  plants  are  not  injured, 
by  solutions  containing  3.5  per  cent,  of  salt,  while 
inland  plants  are  poisoned  by  solutions  containing  much 
less.  The  large  amount  of  salt  in  strand  plants  is  due 
not  to  the  need  of  the  plant  but  to  the  presence  of  so 
much  salt  where  they  grow.  Most  farm  crops  can  grow 
in  soil  that  contains  0.25  per  cent,  of  salt. 

Distribution  of  chlorine  in  plants. — Chlorides  accumu- 
late chiefly  in  the  lower  portions  of  plants,  apparently  as 
accidental  constituents.  The  following  figures  illustrate 
the  general  location  of  chlorine  in  plants : 

Table  15 — Pounds  of  Chlorine  in  1,000  Pounds  op 

Dry  Matter 

Pbiands  Poancb 

Variatyandpattofpfauit  of  cUo-        Varietf  and  part  of  plant  of  chlo- 

^^  xiaa(CO  riiie(Cl) 

^^^»ln 0^  ^^ 2.9 


Stmw 3.1 


Bbbts 


Qq](]I       *                               *            *  Roots.  .•.•...••.....••... .  7.5 

Kanelft O.I                Leaves 25.0 

Leaver  and  stelki 0.7  Turnips 

PftAS                                                                     Roots 4.0 


0.4  Leaves 11.8 

SODIUM 

Sodium  appears  as  a  regular,  though  small,  constituent 
of  plants. 
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Action  of  sodium  in  plants. — ^It  is  a  disputed  question 
whether  sodium  performs  any  necessary  function  in 
plants  as  a  food,  but  the  weight  of  evidence  appears  to 
show  that  it  does  not.  The  functions  of  potassium  in 
plant  nutrition  cannot  be  performed  by  sodium,  although 
it  has  been  sbown  that,  in  the  presence  of  an  abundance 
of  sodium  salts,  some  plants  use  less  potassium  than 
otherwise,  especially  when  potassium  salts  are  not  abun- 
dant. 

Distribution  of  sodium  in  plants.— Sodium  is  found 
mostly  in  the  lower  parts  of  plants,  very  little  being 
present  in  seeds,  as  illustrated  by  the  following  figures : 


Tablb  i6— Pounds 
Viiittr  ma  p««  of  ita* 

Wbbat 

Onus  .•..«••...••..••.. 

OP  SODII 

Ma' 

of 

-  -   «. 

(Na) 

...    0l3 
...    0.S 

...    0.4 

...     1.8 

jM  IN  1,000  Pounds 

rTBR 

Vaitoky  aod  part  of  plani 
Pbas 

OF  Dry 

FonooM 
of 

aoditun 
(Na) 

0l2 

Straw. .' , .' .' .' .' , . .' .' . . . .' . . . 

Straw 

1j6 

Oam 

Bbbts 

Roots 

9J 

Straw 

Leaves .... 

22.4 

fCtriMlii 

. . .    0.2 

Turnips 
Roots 

6j0 

fltfmt  and  bavn.  ...•■•■ 

...    0l5 

Le&vM 

a.3 

SILICON 

Action  in  plants.— It  appears  to  be  the  genera!  belief 
at  the  present  time  that  silicon  performs  no  essential  func- 
tion in  plant  life,  its  constant  presence  being  due  simply 
to  the  fact  that  silicon  compounds  are  in  the  soil  solution 
and  are  not  taken  into  the  plant  because  the  plant  needs 
or  uses  it.  Silicon  compounds  are  present  in  such  rela- 
tively large  amounts,  especially  in  the  straw  of  cereals, 
that  it  was  taken  for  granted  that  it  must  perform  some 
essential  function;  and  the  function  assigned  to  it  was 
that  of  contributing  to  the  stiffness  of  straw,  but  it  has 
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been  shown  that  this  quality  is  dependent  upon  other 
factors  quite  independent  of  the  presence  or  amount  of 
Silica.  It  has  been  suggested  that  in  some  way  soluble 
silicates  may  enable  plants  to  make  better  use  of  insolu- 
ble phosphate  in  soils.  While  not  essential  to  stiffness, 
growth  or  maturing,  silicon  compounds  may  be  useful 
in  hardening  the  outer  surface  and  in  making  projecting 
parts  and  the  edges  of  leaves  harsh  and  cutting,  as  in  the 
case  of  leaves  of  corn  plant,  rushes,  etc. 

Distribution  of  silicon  in  plants. — Silicon  is  found  in 
largest  amounts  in  the  older  portions  of  plants,  the  leaves, 
stalks,  straw,  chaff,  etc.,  especially  when  vegetative 
activity  has  diminished  in  those  parts,  as  illustrated  by 
the  following  figures: 

Table  17— Pounds  of  Silicon  in  ifioo  Pcxjnds  of  Dry 

Matter 


Vailetsr  and  psft  of  pbaife 
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CAR 

The  element  carbon  may  be  well  called  the  central 
element  of  all  animal  and  vegetable  substances,  for  there 
is  not  a  living  thing,  from  the  smallest  microscopic  cell 
to  the  largest  known  growth,  which  does  not  contain  car- 
bon as  a  necessary  constituent.  Moreover,  no  other 
element  is  contained  in  the  dry  matter  of  plants  to  so 
large  an  extent  as  carbon,  since  it  constitutes  about  45 
per  cent*  of  the  solid  or  water-free  portion  of  the  whole 
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vegetable  kingdom.  That  any  vegetable  or  animal  sub- 
stance contains  carbon  can  be  easily  shown  by  heating 
it  sufficiently  to  make  it  blacken  or  char.  When  wood, 
for  example,  is  thus  heated,  the  different  elements  of 
which  it  is  composed  are  driven  off,  mainly  in  the  form  of 
invisible  gases,  but  the  carbon  is  the  last  to  go  and 
remains  behind  as  a  black  substance,  familiar  to  us  as 
charcoal,  unless  heated  higher,  when  it  also  burns  up  and 
disappears.  The  so-called  humus  (p.  117)  of  soils  is 
vegetable  or  organic  matter  which  has  partially  decom- 
posed, leaving  behind  the  carbon,  which  gives  humus  its 
characteristic  dark  color. 

Action  of  carbon  in  plants. — Carbon  is  a  constituent  of 
practically  all  plant  compounds,  except  water,  among 
which  are  starch,  cellulose,  proteins,  sugars,  oils,  acids, 
etc.  Hence,  its  chief  function  is  to  furnish  the  large 
amount  of  carbon  found  in  plant  compounds.  Plants 
obtain  their  carbon  chiefly  by  taking  in  carbon  dioxide 
through  their  leaves  directly  from  the  surrounding  air. 
In  the  cells  of  the  leaves,  the  carbon  dioxide,  in  the  pres- 
ence of  sunshine,  is  separated  into  its  two  elements,  its 
carbon  uniting  with  other  elements  to  form  the  various 
compounds  mentioned,  most  of  the  oxygen  being  returned 
to  the  air  uncombined.  Recent  investigations  seem  to 
indicate  that  some  carbon  dioxide  is  probably  taken  into 
the  plant  through  the  roots,  and  also  that  forms  of  carbon 
other  than  carbon  dioxide  may  be  found  useful  to  some 
extent  in  supplying  plants  with  their  carbon  food,  but 
this  is  at  present  a  matter  of  scientific  rather  than  practi- 
cal interest. 

In  an  indirect  way,  carbon  dioxide  performs  an  external 
service  for  plants,  since  the  carbon  dioxide  which  is  usu- 
ally contained  in  soil  water  in  considerable  amounts  has 
a  pronounced  dissolving  action  upon  some  of  the  mineral 
plant-food  constituents  of  the  soil,  especially  potassium 
and  phosphorus  compounds. 
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Distribution  of  carbon  in  plants. — Carbon  is  distrib** 
uted  in  the  form  of  its  various  compounds  throughout  all 
parts  of  plants;  unlike  the  mineral  elements,  it  is  not 
concentrated  in  any  one  place.  It  is  true,  however,  that 
some  of  the  specific  carbon  compounds  are  locally  con- 
centrated, as,  for  example,  sugar  and  starch  in  grain,  fruit, 
roots,  tubers,  etc 

OXYGEN 

The  element  oxygen  constitutes  about  42  per  cent,  of 
the  dry  matter  of  plants  and  is,  therefore,  second  only  to 
carbon  in  respect  to  its  abundance  in  the  vegetable  world. 
If,  however,  we  consider  the  green  plant  and  take  into 
consideration  the  oxygen  of  the  water  in  the  plant,  then 
oxygen  constitutes  a  far  larger  proportion  of  gprowing 
plants  than  any  other  single  element ;  indeed,  it  amounts 
to  more  than  all  the  other  constituents  put  together. 
Oxygen  is  present  as  an  important  constituent  of  nearly 
all  plant  compounds,  and  of  all  important  ones. 

Action  of  oxygen  in  plants.— The  primary  function  of 
oxygen  is  to  supply  plants  with  the  oxygen  needed  to 
make  the  various  plant  compounds.  This  oxygen  comes 
largely,  if  not  wholly,  from  water  and  not  from  atmos- 
pheric oxygen.  However,  most  plants  require  some  free 
oxygen  in  some  of  their  processes.  Green  plants  do  not 
thrive  in  the  absence  of  oxygen.  Seeds  require  free  oxy- 
gen for  germination.  In  the  process  of  flowering,  the 
absorption  and  chemical  action  of  oxygen  in  the  blossom 
are  so  marked  in  some  cases  as  to  develop  a  measurable 
increase  of  temperature.  Oxygen  is  needed  in  the  soil 
for  the  activity  of  roots  and  of  micro-organisms  as  well 
as  for  effecting  important  chemical  changes  in  the  soil 
constituents. 

Distribution  of   oxygen  in   plants. — Oxygen    is    dia- 
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tributed  all  through  the  plant  in  the  different  compounds 
of  which  it  forms  a  part. 

HYDROGEN 

Action  of  hydrogen  in  plants. — ^The  chief  function  of 
hydrogen  in  plants  is  to  furnish  the  supply  needed  for 
the  various  combinations  formed  in  the  plant.  The 
source  of  supply  of  hydrogen  in  plant  nutrition  is  water, 
which,  for  this  purpose,  is  separated  within  the  plant  into 
its  constituent  elements,  hydrogen  and  oxygen,  and  these 
are  then  built  into  the  compounds  which  it  is  the  function 
of  the  plant  to  elaborate. 

As  a  constituent  of  water,  hydrogen  along  with  oxygen 
performs  many  important  duties  in  connection  with 
growing  plants,  and  its  action  will  be  considered  under 
the  subject  of  water  (p.  145). 

Distribution  of  hydrogen. — Like  the  two  other  air- 
derived  elements,  carbon  and  oxygen,  hydrogen  is  not 
concentrated  in  any  particular  part,  but  is  distributed 
through  the  whole  plant. 

Up  to  this  point  we  have  learned  that  there  are  ten 
chemical  elements  essential  to  plant  growth;  we  have 
studied  in  a  preliminary  way  such  compounds  of  these 
elements  as  are  to  have  a  special  interest  for  us  in  con- 
nection with  plant-feeding;  we  have  seen  that  each  plant- 
food  constituent  performs  a  special  kind  of  work  and 
produces  specific  effects  in  relation  to  plant  growth ;  and 
finally  we  have  observed  that  all  the  constituent  elements 
must  work  together,  that  while  some  are  used  in  large, 
and  other  in  small,  amounts  relatively,  yet  all  are  neces- 
sary and  no  one  can  take  the  place  of  another* 


CHAPTER  VI 

FUNCTIONS  AND  PHYSICAL  PROPERTIES  OP 

SOILS 

Having  learned  something  about  the  elements  and 
compounds  that  are  used  by  plants  as  food  materials,  we 
will  now  take  up  an  outline  study  of  the  most  prominent 
agricultural  source  of  plant-food,  namely,  the  soil;  we 
shall  consider  some  of  its  properties  that  are  of  special 
importance  in  relation  to  plant  growth,  showing  the  inter- 
dependent relations  existing  between  the  soil,  water, 
plant-food  and  crop  growth. 

General  relations  of  soils  and  plants.— The  soil  per- 
forms two  distinct  functions  in  relation  to  plants:  (i) 
It  furnishes  for-  plants  a  dwelling  place  or  home,  in 
which,  under  conditions  more  or  less  congenial,  they 
begin  and  continue  growth  from  seed  to  maturity.  (2) 
The  soil  is  intimately  associated  with  the  nutrition  of 
plants,  furnishing  directly  the  mineral  constituents 
(p.  16)  used  by  them  and  serving  as  a  medium  for  con- 
veying to  them  a  portion  of  the  air-derived  constituents 
(p.  16). 

In  this  chapter  we  shall  consider  those  conditions 
which  make  the  soil  a  genial  home  for  plants  and  which 
can  be  grouped  under  the  general  head  of  physical  prop- 
erties. In  the  two  chapters  following  we  shall  study 
more  particularly  the  chemical  composition  of  soils.  We 
shall  see  that  the  physical  properties  and  chemical  com- 
position, especially  in  relation  to  plant-food  supply,  are 
intimately  connected. 

Soil  and  subsoil. — ^When  we  speak  of  the  soil  in  con- 
nection with  agriculture  we  mean  the  soft,  thin,  loose 
layer  or  film  of  earth  in  which  the  rQQt9  Qi  plants  can 
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grow  and  from  which  they  obtain  their  inorganic  food 
supply.  It  is  made  up  of  disintegrated,  powdered  and 
partially  decomposed  rocks,  mixed  with  varying  amounts 
of  organic  matter  formed  mostly  by  decay  of  vegetable 
substances. 

We  distinguish  by  the  name  of  subsoil  the  layer  of 
earth  below  the  soil  proper.  While  the  change  from 
soil  to  subsoil  is  gradual,  certain  properties  of  the  two  are 
quite  distinct,  among  which  we  notice  the  following: 
(l)  The  soil  contains  more  decaying  organic  matter 
(p.  117)  than  the  subsoil,  owing  to  the  prevalence  of  root 
growth  in  the  upper  layer;  this  tends  to  make  the  soil 
darker  in  color.  (2)  Owing  to  the  greater  amount  of 
organic  matter,  micro-organisms  are  largely  confined  to 
the  soil,  diminishing  rapidly  in  the  subsoil  and  finally  dis- 
appearing altogether  (p.  197).  (3)  The  texture 
(P-  93)  of  soil  and  subsoil  usually  differs,  the  water 
carrying  the  finest  particles  into  the  subsoil  and  leaving 
the  coarser  particles  in  the  upper  layer.  (4)  The  soil  is 
usually  richer  than  the  subsoil  in  available  plant-food, 
since  conditions  in  the  upper  layer  are  more  favorable  for 
the  conversion  of  unavailable  into  available  forms. 

Formation  of  soil. — While  soil  formation  is  a  matter  of 
general  interest  and  often  of  much  importance  in  con- 
nection with  the  plant-food  supply  in  soils,  we  do  not, 
for  our  purpose,  need  to  give  more  than  a  few  words,  in 
passing,  to  this  subject.  The  principal  part  of  the  soil 
was  once  solid  rock,  and  the  first  step  toward  the  forma- 
tion of  soil  was  the  breaking  up  and  powdering  of  the 
rock.  The  conversion  of  rocks  into  soil  has  been  accom- 
plished by  means  of  various  agencies,  physical  and  chemi- 
cal, including  biochemical.  The  chief  agents,  acting 
mechanically,  \n  rock  disintegration  are  the  following: 
(i)  Heat,  (2)  cold,  (3)  flowing  water,  (4)  moving  ice 
(glaciers),  (5)  wave  action,  (6)  winds,  (7)  vegetable 
growths,  and  (8)  animals.    The  more  prominent  chemi" 
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col  agencies  are  the  following:  (i)  Oxygen  of  air,  (2) 
the  dissolving  effect  of  water,  especially  when  contain- 
ing carbon  dioxide  (p.  60),  (3)  the  action  of  acid  secre- 
tions of  plant-roots,  (4)  the  decomposition  of  vegetable 
and  animal  matter  by  micro-organisms  (p.  198),  and 
(5)  other  forms  of  action  by  micro-organisms  (p.  197). 
Some  of  these  agencies  are  more  or  less  intimately 
associated. 

That  the  soil  has  come  from  rocks  is  conclusively 
shown  by  the  fact  that  we  are  able  often  to  identify 
minute  crystalline  fragments  of  the  characteristic  min- 
erals originally  present  in  the  rock  from  which  the  soils 
have  come.  The  extent  to  which  a  soil  consists  of  undc- 
composed,  powdered  rock-minerals  and  of  products  of 
rock  decomposition  depends,  among  other  conditions, 
upon  the  kind  of  rock  and  the  intensity  of  action  of  the 
decomposing  agents.  In  the  case  of  some  resistant  crys- 
talline rocks,  the  original  rock  constituents  may  not  be 
removed  by  chemical  decomposition  more  than  one-half, 
while,  in  extreme  cases,  90  per  cent,  of  the  rock  may  be 
changed.  In  the  case  of  limestone  rocks,  the  change  of 
original  material  is  always  much  greater,  depending 
largely  upon  the  purity  of  the  limestone.  Not  only  are 
the  constituents  of  rocks  decomposed,  but  the  compounds 
into  which  they  are  changed  by  decomposition  are  fre- 
quently soluble  and  are  carried  from  the  surface  into  the 
lower  portions  of  the  soil. 

The  value  of  a  soil  for  agricultural  purposes  depends 
upon  (i)  the  original  material  from  which  it  has  been 
derived,  (2)  the  state  of  fineness  to  which  it  has  been 
reduced,  and  (3)  the  extent  of  loss  it  has  undergone 
through  chemical  decomposition  and  leaching  of  essen- 
tial plant-food  constituents.  In  the  processes  of  soil 
decomposition,  there  is  a  larger  proportional  loss  of  com- 
pounds containing  calcium,  magnesium  and  potassium. 
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PHYSICAL  PROPERTIES  OF  SOILS 

Under  this  head,  we  study  those  factors  in  the  soil 
which  contribute  to  make  a  comfortable  home  for  plants 
or,  more  particularly,  for  the  roots  of  plants.  It  is,  there- 
fore, pertinent  to  inquire  at  this  point:  (i)  What  impor- 
tant work  do  roots  perform  for  plants?  (2)  What  are 
the  soil  conditions  essential  for  doing  their  work? 

Function  of  plant-roots. — The  important  things  that 
roots  do  for  plants  in  relation  to  the  soil  are  the  follow- 
ing: 

(i)  Mechanical  support. — ^Roots  serve  to  hold  plants 
firmly  in  place.  They  penetrate  the  soil  downwards  and 
sideways,  bracing  the  plant  firmly  in  its  upright  position. 

(2)  Absorbents  of  food  materials, — From  the  soil  roots 
absorb  water  containing  dissolved  plant-food  materials. 
How  this  is  done  we  will  consider  later  (p.  166).  Roots 
are  the  feeding-organs  of  plants  in  relation  to  mineral 
plant-food. 

Soil  conditions  essential  for  work  of  roots. — In  order 
that  plant-roots  may  do  to  the  best  advantage  the  work 
for  which  they  are  designed,  the  soil  must  offer  favorable 
physical  conditions,  among  which  we  will  notice  the 
following: 

(i)  Firmness  and  mellowness, — For  the  most  favorable 
condition  of  root  growth,  a  soil  should  be  firm  in  order 
to  support  the  plant  in  its  place,  and  mellow  in  order  to 
enable  the  delicate  rootlets  to  penetrate  the  soil  easily  in 
their  search  for  water  and  the  plant-food  dissolved  in  it. 

(2)  Moisture. — Roots  are  the  organs  by  which  the  large 
amounts  of  water  required  for  plant  growth  are  taken  up, 
and  hence  the  soil  must  be  sufficiently  moist  to  furnish 
the  needed  water. 

(3)  Warmth. — Root  cells  do  not  perform  their  work 
below  certain  temperatures  and  therefore  require  a  soil 
more  or  less  warm. 
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(4)  Ventilation. — Roots  must  breathe;  they  must  there- 
fore be  supplied  with  atmospheric  oxygen.  This  means 
that  the  soil  must  be  well  ventilated  by  being  kept  in  a 
somewhat  porous  or  open  condition,  as  opposed  to  too 
great  compactness. 

From  the  preceding  statements  it  is  obvious  that  the 
physical  properties  which  agricultural  soils  should 
possess  are  (i)  firmness,  (2)  mellowness,  (3)  ability  to 
hold  enough  moisture  and  not  too  much,  (4)  the  power  of 
absorbing  and  retaining  heat,  and  (5)  a  porous,  open  con- 
dition that  permits  sufficient  circulation  of  air,  but  not 
too  much.  These  physical  properties  are  dependent  upon 
the  mechanical  condition  of  soils,  which,  in  turn,  is  gov- 
erned by  the  fineness  and  arrangement  of  the  particles 
of  which  the  soil  is  made  up.  This  brings  us  to  a  study 
of  soil  texture  and  soil  structure* 

Soil  texture. — The  physical  properties  of  soils  are,  in  a 
large  measure,  primarily  dependent  upon  the  size  of  the 
individual  particles.  In  speaking  of  the  size  of  the  indi- 
vidual particles  contained  in  soils,  we  use  the  word  tex- 
ture. The  fineness  of  division  required  in  the  particles 
of  a  good  agricultural  soil  is  not  easily  appreciated. 
According  to  reliable  estimates,  a  single  ounce  of  good 
soil  contains  many  thousand  millions  of  separate  particles. 
If  the  surfaces  of  all  the  particles  in  one  cubic  foot  of 
soil  could  be  spread  out  in  one  continuous  surface,  they 
would  cover  an  area  of  one  to  three  acres,  varying  accord- 
ing to  the  fineness  of  the  particles ;  and  it  is  to  be  kept 
in  mind  that  this  great  spread  of  surface  In  each  cubic 
foot  of  such  soil  can  be  made  accessible  to  the  root  sys- 
tems of  plants.  It  should  be  mentioned  in  passing  that 
soil  particles  vary  greatly  in  shape;  some  are  rounded 
and  smooth;  others  are  irregular,  angfular,  jagged  or 
somewhat  rounded  or  smoothed  fragments. 

The  mineral  or  inorganic  constituents  of  the  soil  vaiy 
in  size  all  the  way  from  large  stones  and  coarse  sand  to 
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finest  dust.  The  number  of  particles  of  any  one  size 
varies  greatly  in  different  soils.  The  relative  amounts  of 
coarse  and  fine  particles  can  be  used  as  a  basis  for  clas- 
sifying soil  material  into  textural  groups,  since  the  physi- 
cal properties  are  largely  affected  by  the  proportions  of 
different-sized  particles. 

Classification  of  soil  materials  according  to  texture.— 
The  inorganic  materials  which  are  to  be  considered  in 
the  physical  make-up  of  soils  may  be  divided  into  the  fol- 
lowing groups  or  classes,  according  to  fineness  or  coarse- 
ness of  texture:  (i)  Coarse  part,  (2)  sand,  (3)  silt  and 
(4)  clay.  We  will  now  consider  briefly  the  properties  of 
these  different  textural  groups,  which  are  sometimes 
spoken  of  also  as  "soil  separates.'* 

(i)  Coarse  part. — ^This  includes  all  material  larger  than 
one  twenty-fifth  of  an  inch  in  diameter  and  is  divided  into 
two  parts,  (i)  gravel  and  stone ^  all  material  larger  than 
two  twenty-fifths  of  an  inch  in  diameter,  and  (2)  fine 
gravel,  all  material  smaller  than  two  twenty-fifths  and 
larger  than  one  twenty-fifth  of  an  inch  in  diameter. 

(2)  Sand,  as  applied  to  the  texture  of  soils,  includes  those 
particles  whose  size  is  between  one  twenty-fifth  and  one 
five-hundredth  of  an  inch  in  diameter.  This  group  is 
subdivided  into  four  subgroups  or  grades:  (a)  coarse, 
(b)  medium,  (c)  fine  and  (d)  very  fine  sand,  which  may 
be  regarded  as  roughly  corresponding  in  size,  respectively, 
to  the  grains  in  coarse,  medium  and  fine  granulated  sugar 
and  fine  table  salt. 

Sand,  in  the  ordinary  chemical  sense,  consists,  when 
pure,  of  grains  of  quartz  or  silicon  dioxide  (Si02),  also 
called  silica  (p.-  59)  ;  the  quartz  particles  come  from  the 
original  rock  material  of  the  earth.  They  are  more  or 
less  rounded  as  the  result  of  constant  rubbing  and  wear- 
ing under  the  action  of  moving  water.  As  a  matter  of 
fact,  sand  particles  are  generally  made  up  in  large  part 
of  quartz  or  silica  because  of  the  hardn-ess  of  the  pnginal 
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rock  from  which  the  particles  come ;  such  material  resists 
chemical  and  physical  action;  the  remnants  due  to  such 
action  are  left,  in  large  part,  as  more  or  less  coarse  sand 
particles.  But  sand,  as  applied  to  soil  texture,  usually 
contains  also  worn  fragments  of  resistant  minerals  other 
than  silica.  Generally  speaking,  the  finer  the  sand  parti- 
cles, the  larger  is  apt  to  be  the  amount  of  mineral  frag- 
ments other  than  silica,  and,  therefore,  of  plant-food 
material.  Sands  are  generally  more  or  less  colored  by 
admixture  of  iron  compounds  (p.  58).  In  the  case  of 
sands  on  seashores  bordered  by  coral  rock,  the  grains 
consist  largely  of  calcium  carbonate. 

Whatever  their  origin  or  the  composition  of  the  con- 
stituent grains,  sands  are  distinguished  by  one  physical 
peculiarity,  namely,  the  particles  in  a  mass  lack  coher- 
ence when  dry  and  easily  fall  apart. 

(3)  ^^^  includes  soil  particles  varying  in  size  between 
one  five-hundredth  a.nd  one  five-thousandth  of  an  inch  in 
diameter.  In  its  physical  properties,  it  is  intermediate 
between  sand  and  clay.  When  wet,  silt  feels  fine, 
smooth  and  sticky  like  clay.  If  a  soil  containing  a  large 
amount  of  silt  and  clay  is  shaken  up  with  water  and  then 
allowed  to  stand,  the  silt  settles  slowly,  while  the  clay 
remains  suspended  through  the  water  a  much  longer 
time.  A  good  illustration  of  silt  is  seen  in  the  fine  deposit 
in  ditches  and  drsSns  in  which  water  moves  slowly. 

(4)  Clay,  as  applied  to  soil  texture,  refers  only  to  the  size 
of  the  particles  without  reference  to  chemical  composi- 
tion. It  includes  all  particles  whose  size  is  less  than  one 
five-thousandth  of  an  inch  in  diameter. 

Considered  chemically,  pure  clay  is  a  compound  con- 
taining aluminum,  silicon,  hydrogen  and  oxygen,  known 
as  kaolinite  or  hydrated  aluminum  silicate  (Al2Si2H409 
or  AI2O3,  2S1O2,  2H2O),  which  results  largely  from  the 
^^SSSS™  -  SSS&  ^"^  decomposition  of  feldspar.  Par- 
ticles having  the  clay  texture  generally  contain  silicate  or 
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real  clay  particles  in  large  proportions,  because  the  ori^nal 
silicate  minerals  from  which  the  particles  come  are  not  suf* 
ficiently  resistant  to  withstand  the  forces  that  grind  them 
into  the  fineness  of  clay  texture ;  but  they  also  contain,  in 
variable  though  not  large  proportions,  small  grains  of  silica 
or  quartz  and  fragments  of  broken-down  minerals  other  than 
silicates.  The  reddish  color  commonly  associated  with 
many  clays  is  due  to  the  presence  of  iron  compounds. 

Clay  particles  in  mass  possess  certain  characteristic 
properties,  which  are  in  marked  contrast  to  those  of  the 
sand  texture;  the  larger  the  proportion  of  particles  of 
clay  texture  in  a  soil,  the  stronger  will  be  the  manifesta- 
tion of  the  characteristics  peculiar  to  clay  texture.  These 
peculiarities  we  will  consider  briefly  under  the  following 
terms:  Puddling,  plasticity,  shrinking,  suspension  and 
fiocculation. 

(a)  Puddling.  When  clay  in  a  wet  condition  is  worked 
or  stirred,  its  constituent  particles  fall  apart  and  become 
individually  separate.  This  process  is  known  as  puddling. 
In  this  condition  clay  is  impervious  to  air  or  water. 

(b)  Plasticity.  Clay  is  very  plastic  in  moist  condi- 
tion; it  can  be  molded  into  any  desired  shape,  which  it 
retains  on  drying,  and  does  not,  like  sand,  fall  apart  into 
separate  particles. 

(c)  Shrinking.  When  wet  clay  drits,  it  shrinks  con- 
siderably and  becomes  so  hard  and  tough  that  the  mass 
can  be  broken  or  made  fine  only  with  difficulty.  Owing 
to  this  property,  the  surface  of  wet  clay  soils  splits  into 
numerous  characteristic  cracks  on  drying. 

(d)  Suspension  in  water.  When  clay  is  stirred  up  with 
water,  the  finer  particles  remain  in  suspension  a  long  time 
and  the  water  may  remain  turbid  for  days  or  even  weeks 
before  all  the  particles  completely  settle  and  leave  the 
water  clear.  This  property  is  well  illustrated  by  the 
water  of  some  turbid  rivers. 
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(e)  Flocculation,  This  subject  is  discussed  on  page 
104, 

The  characteristic  properties  of  clay  particles  are  due 
not  so  much,  if  at  all,  to  chemical  composition,  as  to 
their  fineness  of  division,  A  mass  consisting  of  pure  clay 
(kaolinite)  shpws,  on  being  powdered,  the  physical  prop- 


LOSING  WATER  FROM  THE  SOIL 

The  soil  is  cracked  to  some  depth  below.  Soil  moisture  is  fast 
leaving  the  ground,  and  the  soil  is  in  bad  physical  condition.  Kzvf 
YoKK  (Cornell  University)  Station. 

erties  of  clay  only  when  the  size  of  the  particles  is 
reduced  beyond  a  certain  degree  of  fineness;  large  parti- 
cles in  mass  possess  no  plasticity  and  on  drying  fall  apart 
easily  into  powder,  behaving  much  like  quartz  particles 
of  the  same  size.  On  the  other  hand,  pure  quartz  when 
reduced  to  particles  as  small  as  those  of  ctay  shows  all 
the  characteristics  of  clay  particles  of  the  same  size.    As 
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a  matter  of  fact,  it  is  generally  true  that  in  the  very  fine 
particles  of  soils  kaolinite  particles  predominate,  because 
the  material  from  which  this  is  formed  by  chemical 
decomposition  naturally  undergoes  more  extensive  pow- 
dering by  the  action  of  water  and  weathering.  In  the 
case  of  sand  particles,  its  grains  are  apt  to  be  made  up 
of  quartz,  because  this  material  is  so  hard  as  to  resist  the 
agencies  that  produce  fine  particles  in  the  case  of  less 
resistant  material.  Grains  of  quartz  or  silica  are  therefore 
more  abundant  in  the  coarser  parts  of  soils.  While  we 
can  distinguish  chemically  between  pure  sand  (quartz) 
and  pure  clay  (kaolinite),  the  chemical  distinction  does 
not  apply  sharply  to  the  materials,  sand  and  clay,  when 
considered  in  their  relations  to*  texture,  because  particles 
of  clay  texture  generally  contain  some  quartz. 

Classification  of  agricultural  soils  on  the  basis  of  tex* 
ture. — The  physical  properties  of  soils  vary  according  to 
the  varying  proportions  of  the  different-sized  soil  parti- 
cles they  contain.  For  our  purpose,  soils  can  be  con- 
sidered under  three  general  types  or  classes,  (i)  sandy, 
(2)  clay  and  (3)  loam,  some  of  the  main  characteristics 
of  which  we  will  briefly  state. 

(i)  Sandy  soils. — In  soils  characterized  as  sandy,  the 
amount  of  silt  and  clay  particles  is  relatively  small  (usu- 
ally less  than  20  per  cent.),  the  larger  portion  consisting 
of  sand  particles  of  different  grades  of  fineness.  Soils 
made  up  wholly  of  sand  have  little  or  no  agricultural 
value.  Soils  with  so  high  a  percentage  of  sand  particles 
as  to  be  distinctly  sandy  have  the  following  characteris- 
tics: (a)  They  permit  water  to  pass  downward  too  rap- 
idly; (b)  they  admit  air  too  freely,  causing  too  rapid 
destruction  of  organic  matter;  (c)  they  absorb  heat  too 
rapidly,  which  results  in  excessively  rapid  evaporation 
of  soil  moisture,  marked  heating  of  the  soil,  and,  in  con- 
sequence, a  premature  ripening  and  even  burning  or  dry- 
ing of  crops;  (d)  their  absorbent  and  retaining  powers 
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With  reference  to  soluble  compounds  are  slight,  and  plant- 
food  leaches  rapidly  when  the  rainfall  is  abundant. 

With  increase  of  silt  and  clay,  these  properties  are 
favorably  modified.  The  texture  of  sandy  soils  can  be 
changed  by  application  of  clay  soil,  but  it  is  rare  that  this 
procedure  is  economically  practicable.  Little  can  be  done  to 
make  a  very  sandy  soil  into  a  good  crop-bearing  medium. 

It  is  common  to  speak  of  sandy  soils  as  light,  because 
the  particles  move  freely;  they  are  loose  and  easy  to 
work,  offering  little  resistance. 

(2)  Clay  soils. — In  their  physical  properties,  clay  soils 
containing  large  proportions  (35  per  cent,  or  more)  of 
very  fine-textured  particles  are  the  reverse  of  sandy  soils, 
as  indicated  by  the  following  statements:  (a)  They  hold 
water  very  tenaciously  and  have  a  tendency  to  be  defi- 
cient in  ease  of  drainage;  (b)  they  are  much  less  acces- 
sible to  air,  and  on  this  account  organic  matter  decom- 
poses slowly;  (c)  they  are  commonly  known  as  cold 
soils;  (d)  clay  soils  are  often  called  heavy  because  the 
particles  stick  together ;  they  easily  become  compact,  are 
hard  to  work  and  do  not  allow  plant-roots  to  penetrate 
easily;  (e)  after  rains,  clay  soils  quickly  bake  and  harden 
on  the  surface  so  that  when  worked  later  the  soil  breaks 
into  hard  lumps;  (f)  when  worked  in  too  wet  a  condi- 
tion, clay  soils  become  "puddled,**  that  is,  the  crumb- 
structtire  (p.  loi)  is  destroyed  and  the  individual  clay 
particles  are  brought  into  the  closest  possible  contact. 
This  has  the  effect  of  making  the  soil  practically  imper- 
vious to  water  and  air,  thus  interfering  seriously  with 
drainage  and  ventilation. 

By  mixing  sand  that  is  not  too  coarse  with  a  clay  soil, 
the  compactness  of  the  latter  is  diminished  and  it  is  ren- 
dered more  porous,  admitting  air  and  water  more  easily. 
The  adverse  physical  properties  of  clay  soils  are  also 
favorably  modified  by  increasing  the  amount  of  organic 
matter  (p.  135).  ■"  [  • 
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(3)  Loams  are  soils  intermediate  in  texture  between 
sand  and  clay;  they  contain  admixture  of  the  different 
textural  groups  in  such  proportions  that  the  properties 
of  no  one  group  predominate.  In  loam  soils  the  particles 
of  sand,  silt  and  clay  textures  are  present  in  such  relative 
amounts  that  the  excessive  porosity  of  the  sand  texture 
and  the  undesirable  compactness  of  clay  are  favorably 
modified.  Loams  usually  possess  a  desirable  structure 
(p.  lOi),  but  are  more  or  less  sticky  when  wet.  It  is 
obvious  that  there  must  be  many  varieties  of  loamy  soils, 
their  differences  being  caused  by  variation  in  the  pro- 
portions of  the  different  textural  soil  particles  contained 
in  them.  Thus,  we  have  sandy  loams,  silt  loams,  clay 
loams,  gravelly  loams,  stony  loams,  etc. 

(a)  Sandy  loams  consist  of  somewhat  more  than  one- 
half  sand  with  less  than  one-half  of  silt  and  clay.  They 
are  among  the  lightest  soils  adapted  to  crop  growing. 
They  are  usually  found  useful  for  such  crops  as  corn, 
cotton,  small  fruits  and  vegetables. 

(b)  Silt  loams  consist  largely  of  silt  with  relatively 
small  proportions  of  clay  and  sand.  They  are  interme- 
diate in  their  physical  properties  between  sand  and  clay, 
being  more  permeable  to  water  than  clay  and  less  so 
than  sandy  soils.  The  subsoils  of  many  of  the  western 
prairies  belong  to  this  type.  While  difHcult  to  till,  they 
are  well  adapted,  when  properly  drained,  for  general 
farm  crops. 

(c)  Clay  loams  contain  larger  proportions  of  clay  than 
silt  loams  do.  As  a  rule  they  are  somewhat  difficult  to 
manage,  since  they  are  inclined  to  be  stiff  and  sticky, 
but  they  are  usually  regarded  as  being  best  adapted  of 
all  soils  for  general  farming.  When  properly  managed, 
they  retain  their  crop-producing  powers  for  a  long  time. 

.(dX  Gravelly  loams  consist  of  coarse-grained  parti- 
clc.s,:Vftrying  in  proportion  from  one-fourth  to  two-thirds, 
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mixed  with  sandy,  silt  or  clay  loam.     Fruit  and  forest 
trees  do  well  on  some  kinds  of  gravelly  loam. 

(e)  Stony  loams  consist  of  sandy,  silty  or  clay  loam 
mixed  with  stones,  the  latter  varying  in  proportion  from 
one-fourth  to  three-fourths.  The  stones  interfere  with 
ordinary  methods  of  tillage  and  such  soils  are  best 
utilized  for  some  kinds  of  fruit  and  forest  trees. 

Soil  structure. — By  structure  of  soils  we  mean  the  man- 
ner in  which  the  soil  particles  are  arranged  with  reference 
to  one  another.  The  particles  may  be  separated  for  the 
most  part,  each  being  free  from  the  surrounding  parti- 
cles; or  the  particles  may  adhere  together,  forming  a 
group  in  which  they  remain  united  together  under 
ordinary  conditions.  When  soil  particles  thus  adhere,  in 
larger  or  smaller  grains,  the  structure  is  known  as  the 
granular  structure  or  the  crumb  structure.  Granules  are 
of  all  sizes ;  they  may  become  so  overgrown  as  to  inter- 
fere with  favorable  conditions  for  managing  the  soil  in 
crop  growing,  when  they  are  called  clods.  The  tendency 
to  form  a  crumb-like  structure  is  very  strong  in  clay 
soils  and  practically  absent  in  sandy  soils. 

The  character  of  a  soil's  structure  is  usually  recognized  by 
the  farmer  in  a  practical  way  through  the  manner  in  which  it 
behaves  under  the  plow,  whether  it  plows  hard  or  easy. 
When  a  spading-fork  is  pushed  into  a  soil  that  is  just 
moist  enough  to  work  well  and  a  mass  of  earth  is 
removed,  its  structure  is  readily  shown  by  the  way  in 
which  it  behaves.  On  being  turned  over  by  the  spading- 
fork,  the  granular,  crumb-like  structure  readily  reveals 
itself.  A  good  loam  falls  apart  easily  into  the  charac- 
teristic soil  crumbs.  A  clay  loam  may  need  some  strokes 
of  the  spade  to  make  it  crumble  and  the  resulting  crumbs 
will  be  larger  than  in  loam  less  clayey.  Sandy  soils  and 
loams  fall  apart  so  readily  that  it  may  be  difficult  to  lift 
a  forkful  without  having  it  fall  apart  and  run  between 
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the  tines.    A  clay  soil  is  lumpy  and  falls  apart  only  by 
vigorous  strokes  and  then  not  into  line  crumbs. 

Factors  influencing  soil  structure. — It  is  of  practical 
importance  to  know  what  conditions  are  favorable  to  the 
crumb  or  granular  structure  and  what  to  the  single-grain 
structure;  and  it  is  desirable  especially  to  study  those 
factors  which  a  farmer  can  make  use  of  in  modifying 


A  CASE  OF  BAD  SOIL  STRUCTURE.     NEW  YORK  (CORNELL  UNI- 
VERSITY)  STATION 

and  controlling  the  soil  structure.  Control  of  structure 
is  desirable  in  connection  with  loams,  silts  and  clays ;  the 
structure  of  the  coarser-textured  sandy  soils  is  difficult 
to  modify  appreciably  by  practicable  means.  The  fol- 
lowing conditions  are  among  those  that  affect  soil  struc- 
ture: (i)  Variation  of  moisture,  (2)  freezing,  (3)  cultiva- 
tion, (4)  organic  matter,  (5)  growth  of  roots,  (6)  solu- 
ble salts,  (7)   animal  life,  (8)  hard  rains.     We  shall 
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briefly  state  the  facts  regarding  these  factors  without 
attempting  to  explain  the  details  of  their  action. 

(i)  Variation  of  moisture. — It  has  been  observed  that  the 
alternate  drying  and  wetting  of  a  fine-textured  soil  is 
favorable  to  the  production  of  the  crumb  structure.  The 
greater  the  number  of  times  a  soil  changes  from  one 
condition  to  the  other  the  smaller  is  the  size  of  the  gran- 
ules when  other  conditions  are  uniform.  Continued  wet- 
ness or  continued  dryness  does  not  favor  the  crumb 
structure. 

(2)  Preesingj^la  the  freezing  of  wet  soils,  the  water 
forms  crystals  in  the  larger,  open  spaces  between  the  soil 
particles,  and  the  soil  mass  is  broken  up  or  separated, 
resulting  in  a  condition  favoring  the  granular  structure. 

(3)  CuMvafion. — ^Manipulation  of  the  soil  by  plowing  or 
other  forms  of  tillage,  when  the  moisture  content  is  not 
too  great  or  too  small,  favors  the  formation  of  the  granu- 
lar structure.  On  the  other  hand,  tillage  of  the  soil  when 
it  is  too  wet  cr  too  dry  is  unfavorable  to  the  crumb-like 
structure. 

(4)  Presence  of  organic  matter. — ^The  presence  of  decom- 
posing organic  matter  in  soils  favorably  affects  the  soil 
structure  (p.  135). 

(5)  Growth  of  roots. — It  is  a  matter  of  common  observa- 
tion among  farmers  that  crops  differ  in  their  effects  upon 
soil  structure.  Plants  with  fine  roots,  like  grass,  wheat, 
etc.,  leave  the  soil  in  better  working  condition  or  tilth 
than  coarse-rooted  plants. 

(6)  Soluble  salts.— ^CevtBm  compounds  like  calcium  hy- 
droxide (slaked  lime),  calcium  sulphate  (gypsum),  cal- 
cium carbonate,  mineral  acids,  common  salt,  etc.,  have  the 
power  of  causing  fine  particles  to  unite  and  form  aggre- 
gations. For  example,  if  fine  clay  is  mixed  with  water 
to  form  a  turbid  mixture  and  left  to  itself,  it  may  remain 
turbid  several  days  before  the  finest  particles  settle  to 
the  bottom    and  leave  the  water  clear.     If,    however. 
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we  put  into  the  mixture  a  little  calcium  oxide,  which 
at  once  forms  hydroxide  .(p.  54),  or  add  hydrox- 
ide directly,  the  fine  particles  in  suspension  are 
quickly  affected.  First,  the  particles  come  together  and 
form  little  flakes  or  floccules  and  these  soon  settle,  leav- 
ing the  liquid  clear.  This  process  is  known  as  flocculationt 
from  the  formation  of  the  characteristic  little  flakes  or 
floccules.  Calcium  carbonate  being  less  soluble  than  the 
hydroxide  has  much  less  flocculating  power.  This  action 
is  one  of  practical  importance  in  connection  with  fine- 
textured  soils,  because  it  favors  the  granular  structure. 
This  is  one  of  the  important  effects  of  liming  (p.  379) 
clay  soils. 

Some  substances,  on  the  other  hand,  produce  just  the 
opposite  effect,  known  as  deflocculation;  they  break  up 
the  crumb  structure,  causing  the  grains  to  separate,  or 
they  prevent  the  formation  of  the  crumb  structure. 
Among  such  deflocculating  compounds  are  sodium  car- 
bonate and  potassium  carbonate  (p.  51),  which  are  found 
in  many  alkali  soils.  Long-continued  use  of  nitrate  of  soda 
(p.  438)  on  clay  soils  may  result  in  the  formation  of 
sodium  carbonate  in  amounts  sufiicient  to  cause  defloc* 
culation. 

(7)  Animal  life. — ^The  soil  crumbs  formed  by  the  action 
of  earthworms  are  familiar.  Ants  and  animals  with 
burrowing  habits  also  influence  soil  structure. 

(8)  Hard  rains, — ^The  effect  of  driving,  heavy  rains  is 
readily  seen  on  the  surface  of  a  cultivated  clay  soil.  The 
granular  structure  is  destroyed,  and  when  the  surface 
dries,  a  crust  is  formed  which  affects  seriously  the  prop- 
erties of  the  soil  in  relation  to  the  growth  of  plant-roots. 
These  unfavorable  effects  are  prevented  by  any  kind  of 
covering  that  protects  the  soil,  such  as  mulches,  sod,  etc 


CHAPTER  VII 

THE  INORGANIC  CONSTITUENTS  OF  SOILS 

In  the  previous  chapter  we  have  discussed  soils  with 
reference  to  their  physical  structure  and  properties,  and 
it  now  remains  to  study  them  with  reference  to  the  chem- 
ical elements  and  compounds  that  enter  into  their  com- 
position, especially  those  that  are  of  importance  in  con- 
nection with  the  feeding"  of  plants  and  also  those  that 
aflFect  prominently  the  physical  properties  of  soils. 

All  agricultural  soils  contain  two  general  classes  of 
constituents,  (i)  mineral  or  inorganic  and  (2)  organic. 
The  inorganic  part  comes  from  the  rocks  of  the  earth's 
crust ;  the  organic  portion  has  its  origin  in  vegetable  and 
animal  matter.  The  inorganic  soil  constituents  we  will 
consider  in  this  chapter  and  the  organic  in  the  chapter 
following. 

Composition  of  earth's  crust. — We  can  obtain  an 
approximate  idea  of  the  general  composition  of  soils  by 
noticing  the  average  composition  of  the  earth's  super- 
ficial crust,  the  material  which  enters  most  largely  into 
soils;  this  is  approximately  as  given  in  the  following 
table : 

Table  18 — Constituents  of  Earth's  Crust 

Btement  Per  cent.  Element  Per  cent. 

Oxygen 47.0  Magnesium 2.6 

Silicon 28.1  Sodium 2.6 

Aluminum 8.2  Potassium 2.3 

Iron 4.6  Sulphur,  phosphorus  and  other 

Calcium 3.5  constituents 1.1 

In  general,  it  is  seen  that  the  materials  most  abundant 
in  rocks  do  not  contribute  any  material  to  the  nourish- 
ment of  plants.     Thus,  oxygen,   silicon  and  aluminum 
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make  up  over  83  per  cent,  of  the  rock  constituents  from 
which  soils  are  formed. 

Mineral  compounds  in  soils. — When  rocks  are  con- 
verted into  soil,  those  portions  that  undergo  chemical 
change  generally  form  certain  definite  chemical  com- 
pounds and  then  cease  to  change  farther  to  any  marked 
extent  under  the  conditions  present.  The  following 
arrangement  shows  in  general  the  different  kinds  of 
chemical  compounds  (pp.  31-36)  which  are  more  or  less 
commonly  present  in  soils : 

Table  19 — Chemical  Compounds  in  Soils 

Name  of  element  Forms  of  combination 

Calcium Carbonate,  sulphate,  silicate,  phosphate,  nitrate 

Potassium Carbonate,  sulphate,  silicate,  phosphate,  nitrate,  chloride 

Sodium Carbonate,  sulphate,  silicate,  phosphate,  nitrate,  chloride 

Magnesium Carbonate,  sulphate,  silicate,  ]^hosphate,  nitrate,  chloride 

Iron Oxide,  hydinoxide,  hydrated  oxides,  phosphate,  silicate 

Aluminum Oxide,  hydroxide,  hydrated  oxides,  phosphate,  silicate 

Manganese Oxide,  hydroxide,  hydrated  oxides,  phosphate,  silicate 

Some  of  these  compounds  are  present  in  soils  only 
under  exceptional  or  abnormal  conditions;  others  are 
always  present  in  all  agricultural  soils.  We  shall  con- 
sider in  detail  only  the  more  important  of  those  com- 
pounds which  for  any  reason  are  of  special  interest  in 
connection  with  the  growing  of  crops.  The  points 
deserving  of  special  attention  are  the  special  kinds  of 
compounds,  the  amounts  present  in  soils,  the  ways  in 
which  they  may  be  removed  from  the  soil  and  their 
special  action  on  other  soil  constituents  or  on  the  soil 
as  a  whole. 

(i)  Calcium. — (a)  Compounds.  The  most  important 
calcium  compound  in  soils  is  the  carbonate  (CaCOa),  in 
which  form  it  is  present  in  all  good  agricultural  soils  to 
a  larger  extent  than  in  any  other  form  of  combination. 
It  is  generally  present,  but  to  a  much  less  extent,  as  phos- 
phate, nitrate,  sulphate  and  also  in  some  of  the  complex 
silicates    (pp.   52-55).     The  carbonate   may  be   regarded 
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as  the  commonly  available  form  or  source  of  plant-food 
calcium ;  in  most  silicates  calcium  is  of  little  importance 
as  an  immediate  source  of  plant-food,  although  pure  cal- 
cium silicate  (CaSiOs)  is  regarded  as  furnishing  avail- 
able calcium. 

(b)  Amount  in  soils.  Calcium  carbonate  is  present  in 
most  soils,  but  in  very  variable  amounts,  ranging  from  a 
fraction  of  i  per  cent,  to  over  50  per  cent,  in  some  lime- 
stone soils.  Soils  are  not  capable  of  raising  good  crops 
when  the  calcium  carbonate  drops  below  0.2  per  cent, 
and  in  most  cases  an  amount  in  excess  of  i  per  cent. 
(equal  to  30,000  pounds  per  acre  in  the  upper  foot  of 
soil)  is  considered  desirable.  Coarse  sands  and  soils  with 
very  high  percentages  of  organic  matter,  such  as  muck  and 
peat  soils,  usually  contain  insignificant  amounts  of  cal- 
cium carbonate;  clay  soils  also  are  commonly  deficient. 
The  subsoil  may  often  contain  less  than  the  soil.  Marly 
soils  are  mixtures  of  clay  and  finely  divided  calcium  carbon- 
ate. Shell-marl  is  sometimes  found  in  deposits  consisting 
of  nearly  pure  calcium  carbonate,  but  it  is  generally  mixed 
with  varying  amounts  of  impurities.  In  alkali  soils  calcium 
compounds  are  present  in  considerable  amounts,  especially 
the  sulphate ;  the  chloride  may  be  present  also. 

(c)  Removal.  The  calcium  carbonate  in  soils  is  con- 
stantly undergoing  solution  by  the  carbon  dioxide  present 
in  soil  water,  also  by  acids  formed  in  the  decomposition  of 
organic  matter  (p.  125),  and  in  this  dissolved  form  it  may 
escape  from  the  soil  in  the  drainage  water  (p.  185)  ;  cal- 
cium is  also  removed  by  crops  (p.  78)  in  rather  large 
amounts,  varying  in  the  case  of  different  kinds  of  plants 
On  account  of  the  important  relations  of  calcium  carbon- 
ate to  soils  and  to  plant  growth,  it  is  essential  that  the 
amount  present  be  not  allowed  to  diminish  much  below 
I  per  cent.  This  involves  the  occasional  addition  of  cal- 
cium compounds  to  cultivated  soils  (pp.  363-390). 
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(d)  Relation  to  texture.  Calcium  carbonate  m  BO&n 
may  exist  in  particles  of  any  size,  varying  from  the  tex- 
ture of  clay  to  that  of  sand.  The  finer  the  particles,  the 
more  quickly  they  undergo  solution  in  water  containing 
carbon  dioxide. 

(e)  Action  in  soil.  Calcium  carbonate  acts  in  several 
different  ways,  which  are  of  great  value  in  agricultural 
soils,  (i)  It  neutralizes  the  acids  in  soils.  In  the  decay 
of  vegetable  matter,  acids  are  formed  (p.  126),  which 
accumulate  in  the  absence  of  calcium  carbonate  and 
injure  the  crop-producing  power  of  the  soil.  When  cal- 
cium carbonate  is  present  in  abundance,  the  calcium 
unites  with  the  acids,  forming  neutral,  harmless  salts. 
Calcium  carbonate  is  the  most  effective  acid  neutralizer 
we  find  in  soils.  (2)  Calcium  carbonate  changes  the 
insoluble  aluminum  and  iron  phosphates  into  the  more 
available  form  of  tri-calcium  phosphate  (p.  45).  In 
many  soils  containing  insufficient  amounts  of  calcium 
carbonate,  the  soluble  phosphate  applied  in  fertilizers  is 
largely  changed  into  the  unavailable  iron  and  aluminum 
phosphates  and  so  practically  lost  to  the  immediate  use 
of  crops.  (3)  Soluble  calcium  carbonate  (calcium  car- 
bonate dissolved  in  carbonated  water)  may  replace 
potassium  in  some  insoluble  silicates,  the  calcium  taking 
the  place  of  the  potassium  in  the  insoluble  silicate  and  the 
potassium  changing  to  the  soluble  form  of  carbonate,  an 
available  form  of  plant-food.  (4)  The  action  of  soluble 
calcium  compounds  upon  soil  structure  in  causing  the 
flocculation  of  fine  clay  particles  has  been  noticed  already 
(p.  104).  (5)  After  calcium  carbonate  is  changed  into 
soluble  carbonate  in  the  soil  water,  it  is  often  redeposited 
under  certain  conditions  in  solid  form  and  acts  as  a 
cement  in  holding  together  the  finer  particles  of  silt  and 
clay,  thus  changing  the  structure  of  the  soil  particles 
favorably. 

(2)  Potassium, — (a)  Compounds.    Potash  is  present  in 
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soils  in  both  soluble  and  insoluble  compounds.  The 
soluble  forms  include  sulphate,  chloride  (muriate), 
nitrate,  and  probably  phosphate  and  carbonate.  The 
insoluble  forms  are  generally  silicate  compounds  present 
in  such  minerals  as  potassium  or  orthoclase  feldspar  con- 
taining about  14  per  cent,  of  potassium,  leucite  containing 
about  18  per  cent,  of  potassium  (p.  52)  and  several 
others.  In  ordinary  soil  analysis,  the  percentage  of 
potassium  given  is  the  acid-soluble,  which  roughly  rep- 
resents the  amount  available,  but  which  is  usually  only  a 
small  part  of  the  total  potassium  present. 

(b)  Amount  in  soils.  Potassium  is  present  in  soils  in 
very  variable  amounts,  ranging  from  a  few  hundredths 
of  I  per  cent,  to  3  per  cent,  or  more,  only  a.  small  propor- 
tion of  which  is  generally  available.  A  good  agricultural 
soil  does  not  generally  contain  less  than  0.2  per  cent 
of  acid-soluble  potassium  (equal  to  about  6,000  pounds 
per  acre  in  the  upper  foot).  Potassium  is  generally 
abundant  in  clay  soils  and  deficient  in  muck,  peat  and 
sandy  soils.  In  alkali  soils  potassium  is  often  very 
abundant,  running  in  some  cases  as -high  as  17  per  cent, 
in  the  upper  12  inches,  though  it  is  usually  between  I 
and  7  per  cent. ;  in  these  soils  it  exists  in  the  forms  of 
sulphate,  carbonate  and  chloride. 

(c)  Removal.  Potassium  compounds,  even  the  solu- 
ble forms,  are  not  readily  removed  from  soils  by  drainage 
water  (p.  184),  The  chief  methods  by  which  potassium 
is  taken  from  soils  is  by  means  of  crops  (p.  177). 

(d)  Relation  to  texture.  Generally  speaking,  potas- 
sium is  found  in  largest  amounts  in  the  finer  soil  par- 
ticles. 

(e)  Action  in  soils.  In  the  presence  of  large  amounts 
of  calcium  carbonate  in  the  soil,  some  potassium  carbon- 
ate may  be  formed  by  interaction  of  calcium  and  potas- 
sium salts.  It  is  not  probable  that  enough  potassium  car- 
bonate is  formed,  unless  under  rare  conditions,  to  affect 
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unfavorably  the  crumb  structure  in  the  case  of  most  agri* 
cultural  soils.  When  potassium  carbonate  is  present  in 
soils,  it  is  apt  to  unite  with  the  nitric  acid  produced  by 
nitrification  (p.  205)  to  form  potassium  nitrate.  The 
insoluble  potassium  in  silicates  is  changed,  under  favor- 
able conditions,  into  soluble  forms  by  the  action  of  salts 
of  calcium,  sodium  and  magnesium  as  well  as  by  the 
action  of  micro-organisms  (p.  228). 

(3)  Sodium  is  present  in  Uie  soil  in  combinations  much 
like  those  of  potassium.  It  is  generally  present  in 
smaller  amounts  than  potassium.  Sodium  compounds 
are  prominent,  and  often  predominant,  constituents  of 
alkali  soils.  The  compounds  present  in  such  soils  are 
one  or  more  of  the  following:  Sulphate,  carbonate,  bicar- 
bonate, chloride,  nitrate  and  phosphate.  While  of  little 
importance  as  plant- food  (p.  84),  sodium  compounds 
take  part  in  chemical  changes  in  the  soil  which  are  of 
value.  For  example,  sodium  in  its  soluble  compounds 
may  take  the  place  of  potassium  in  insoluble  compounds, 
changing  the  potassium  from  an  unavailable  into  an 
available  compound.  Some  sodium  compounds  may  be 
useful  in  the  process  of  nitrification  (p.  209),  In  the 
case  of  excessive  use  of  sodium  nitrate  in  the  absence  of 
acid-forming  compounds,  amounts  of  sodium  carbonate 
may  be  formed  to  such  an  extent  as  to  injure  seriously 
the  crumb  structure  of  soils  (p.  438).  The  amount  of 
sodium  does  not  appear  to  vary  much  in  different-tex- 
tured particles. 

(4)  Magnesium  is  usually  present  in  soils  in  much  the 
same  forms  of  combination  as  calcium,  but  generally  in 
much  smaller  amounts.  Soluble  magnesium  compounds 
are  believed  to  be  injurious  to  plants  when  present  in 
amounts  nearly  equal  to  calcium.  The  sulphate  and 
chloride  of  magnesium  are  often  prominent  constituents 
of  alkali  soils.  These  compounds  are  poisonous  to  plants 
even  in  comparatively  small  amounts,  especially  if  the 
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amount  of  calcium  compounds  is  relatively  deficient.  The 
action  of  magnesium  compounds  in  soils  is  somewhat  the 
same  as  the  corresponding  calcium  compounds  in  neu- 
tralizing acids,  in  effect  on  insoluble  aluminum  and  iron 
phosphates,  and  in  making  insoluble  potassium  available. 
Magnesium  is  removed  from  the  soil  in  much  less 
amounts  than  calcium,  either  by  drainage  water  or  crops. 
The  amount  of  magnesium  is  greatest  in  the  finest  parti- 
cles, decreasing  with  coarseness  of  texture. 

(5)  Iron  is  more  or  less  prominently  present  in  soils  in 
the  form  of  hydroxide  (FeHaOs),  and  oxide  (Fe203) 
and  in  forms  called  hydrated  oxides,  which  are  inter- 
mediate in  composition  between  hydroxides  and  oxides; 
these  forms  are  familiar  under  the  general  term  of  iron 
rust.  These  compounds  are  red,  yellow  or  brown  and 
form  the  main  coloring  matter  of  soils.  These  are  gen- 
erally products  of  decomposition  of  complex  silicates 
containing  iron,  which  undergo  chemical  change  when 
air  has  abundant  access  to  moist  soils.  In  some  cases, 
as  in  clay  subsoils,  in  soils  very  rich  in  iron  compounds, 
in  muck-beds,  etc.,  where  air  is  largely  excluded,  com- 
pounds of  iron  are  formed  which  are  poisonous  to  plants 
and  which,  if  present  in  certain  amounts,  make  a  soil 
sterile;  for  example,  sulphur  compounds  of  iron  known 
as  sulphides  may  be  changed  into  the  injurious  com- 
pounds, iron  sulphate  (p.  57)  and  free  sulphuric  acid. 
This  condition  can  be  usually  prevented  or  overcome  by 
generous  use  of  calcium  carbonate  or  quicklime  (p. 
375)-  The  amount  of  iron  compounds  present  in  soils 
varies  greatly,  but  the  cases  are  extremely  rare  in  which 
a  soil  does  not  contain  enough  iron  to  supply  the  needs 
of  crops  indefinitely.  The  amount  of  iron  removed  from 
soils  by  drainage  water  or  crops  is  generally  less  than 
that  of  any  other  soil  constituent.  Iron  compounds  may 
be  useful  in  forming  insoluble  iron  phosphate  and  thus 
preventing  risk  of  loss  of  phosphorus  by  drainage.    Iron 
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compounds,  like  those  of  calcium,  may  act  as  cementing 
material  in  holding  together  smaller  particles  of  silt  or 
clay.  The  amount  of  iron  is  greatest  in  the  finest  soil 
particles  and  diminishes  as  the  particles  increase  in  size. 

(6)  Aluminum  is  present  in  soils  chiefly  as  silicate, 
hydrated  oxide,  and  phosphate.  It  is  especially  prominent 
in  soils  derived  from  clay  (kaolinite)  ;  it  is  present  in 
largest  amounts  in  the  particles  of  finest  texture,  dimin- 
ishing as  the  texture  of  the  particles  increases.  Some  of 
the  hydrated  silicates  and  oxides  of  aluminum  are 
believed  to  exercise  some  strong  influence  in  holding 
some  of  the  plant-food  elements  in  the  soil,  preventing 
their  loss  in  drainage  water  (p.  183).  Any  value  which 
aluminum  may  possess  in  crop  growing  is  confined  to  its 
action  on  other  soil  constituents. 

(7)  Silicon  is  present  in  soils  in  much  larger  amounts 
than  any  of  the  preceding  constituents.  Silicon  and  oxy- 
gen make  up  about  75  per  cent,  of  the  mineral  compounds 
present  in  soils.  Silicon  occurs  as  the  characteristic  con- 
stituent of  all  silicates.  It  is  also  present  in  soils  to  a 
variable  extent  as  silicon  dioxide  (Si02),  commonly 
called  silica,  which  is  familiar  as  the  mineral,  quartz. 
White  quartz  sand  consists  of  silica  and  in  all  sandy  soils 
silica  is  a  prominent  constituent.  What  is  known  as 
"soluble  silica"  is  present  in  largest  amounts  in  the 
smallest-sized  soil  particles,  the  larger  particles  contain- 
ing less.  In  some  cases  soluble  silica  acts  as  cementing 
material  in  binding  together  the  small  soil  particles. 

(8)  Phosphorus  is  present  in  soils  in  smaller  amounts 
than  any  of  the  elements  we  have  thus  far  discussed.  A 
soil  containing  0.25  per  cent,  of  total  phosphorus  (equal 
to  7,500  pounds  an  acre  in  the  upper  foot  of  soil)  is  very 
rich  in  this  constituent ;  the  usual  amounts  in  agricultural 
soils  lie  between  0.03  and  o.ii  per  cent.,  only  a  part  of 
this  being  available.  In  the  finer  particles  of  soils,  phos- 
phorus compounds  are  present  in  larger  amounts  than 
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in  coarser  particles.  Phosphorus  is  preseht  in  soils  in  the 
form  of  i^iosphoric  acid  compounds  or  phosphates, 
mainly  as  phosphates  of  calcium,  iron,  aluminum  and 
magnesium.  Iron  and  aluminum  phosphates  {p.  49) 
are  so  insoluble  as  to  be  practically  unavailable  plant- 
food  ;  however,  in  these  forms,  they  are  not  easily  leached 
from  soils.  Insoluble  or  tri-calcium  phosphate  (p.  47)  is 
a  more  readily  available  form.  On  soils  containing  large 
amounts  of  iron  and  aluminum  compounds,  the  soluble 
phosphoric  acid  in  fertilizers  is  changed  into  a  form  of 


Experiments  in  which  the  ajiplication  of  phosphorus  (P)_  com- 
pounds increases  the  yield,  showing  that  the  soils  are  lacking  in  this 
plant-food  constituent.    Texas  Station. 

iron  and  aluminum  phosphate  unless  there  is  considerable 
calcium  carbonate  in  the  soil.  Phosphates  are  removed 
from  soils  by  crops  (p.  177)  and,  to  some  extent,  by  drain- 
age water,  though  in  much  smaller  amounts  than  any 
other  important  plant-food  constituent, 

(9)  Sulphur  is  present  in  agricultural  soils  in  the  form  of 
sulphate;  in  special  cases,  which  may  be  regarded  as 
abnormal,  it  may  exist  temporarily  as  sulphide. 
It  is  found  in  relatively  small  amounts  in  most  soils  but 
in  proportions  which  are  large  in  comparison  with  the 
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amounts  called  for  as  plant-food.  It  is  a  prominent 
constituent  of  alkali  soils  in  combination  as  sulphate  of 
potassium,  sodium,  magnesium  and  calcium  sulphate. 
Sulphates  are  found  in  considerable  amounts  in  drainage 
water,  and  it  is  conceivable  that  in  some  cases  a  soil 
might  become  deficient.  However,  when  commercial 
fertilizers  are  applied  in  the  form  of  potassium  sulphate, 
or  acid  phosphate,  which  may  be  about  half  calcium  sul- 
phate (p.  271),  considerable  amounts  of  sulphate  are 
added  to  the  soil. 

AMOUNTS  OF  PLANT-FOOD  CONSTITUENTS  IN 

SOILS 

In  studying  the  results  of  chemical  analysis  of  soils, 
we  may  use  as  an  illustration  the  following  analysis  of  a 
soil  known  to  be  good  for  crop  production  and  therefore 
recognized  as  fertile : 

Nitroeen •  0.20  per  cent. 

Phosphonas  (P)  0.07       *'         (equal  to  0. 16  per  cent,  phosphoric  add,  PsOs) 

Potassium  (K) . .  0.35       ••         /         "     o.42       ••         potash.  K2O) 

Calcium  (Ca) ..  •  0.60      •*        (        ••     1.50      ••         calcium,  carbonate,  CaCO^ 

An  examination  of  these  figures  suggests  the  following 
statements : 

(ist)  The  soil  constituents  that  plants  use  for  food 
are  present  in  soils  only  in  relatively  small  proportions, 
the  great  bulk  consisting  of  such  inert  materials  as  com- 
pounds of  silica,  aluminum,  etc, 

(2d)  The  combined  amounts  of  nitrogen,  phosphorus 
and  potassium,  even  in  very  fertile  soils,  are  usually  less 
than  I  per  cent. 

(3d)  Although  the  figures  above  do  not  furnish  the 
information,  it  is  true  that,  of  the  plant-food  compounds 
in  soils,  only  very  small  amounts  are  in  forms  imme- 
diately available. 

Variation  of  plant-food  constituents  in  agricultural 
foils.— In  examining  the  results  of  analysis  of  large  nura- 
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bers  of  crop-producing  soils,  it  will  be  found  that  the 
proportion  of  each  plant-food  constituent  varies  widely 
in  different  soils.  It  is  desirable  to  state  the  results  of 
soil  analysis  not  only  in  the  form  of  percentages  but  also 
as  pounds  per  acre.  In  analyzing  soils,  samples  are 
taken  to  a  certain  depth,  which  varies,  but  is  usually  6, 
9  or  12  inches.  The  samples  taken  to  a  depth  of  6  or  7 
inches  represent  the  portion  usually  plowed,  in  which 
the  bulk  of  roots  grows.  At  depths  of  9  or  12  inches  por- 
tions of  soil  are  included  in  which  plant-roots  penetrate 
more  or  less  and  the  analysis  of  which  gives  an  idea  of 
the  amount  of  plant-food  near  enough  at  hand  to  be  util- 
ized easily.  In  stating  the  results  of  soil  analysis,  it  is 
necessary,  therefore,  to  state  the  depth  to  which  the 
sample  of  soil  is  taken;  this  is  particularly  important 
in  stating  the  results  as  pounds  per  acre.  It  will  suffice 
for  our  purpose  to  give  results  based  on  a  depth  of  9 
inches,  assuming  that  the  soil  in  one  acre  to  that  depth 
weighs,  on  an  average,  2,500,000  pounds.  In  soils  of  good 
crop-producing  power,  the  amounts  of  constituents  usu- 
ally lie  between  the  limits  indicated  in  the  following 
table : 

Table  20— Proportions  of  Total  Plant-Food  Constit- 
uents IN  Agricultural  Soils 


Canstitaent 

Percent 

Pounds  In  one  acre  to  depth 
of  9inches 

Nitrogen 

Phosphorus  (P) . . 

Fotaaaum  (K) .. . 

Calcttim  (Ca) .... 

0.10  to  0.30 

0.03  to  0.11   (=0.07  to  0.25 

phosphoric  acid,  P2O5) 
0.8  to  1.60  (1.00  to  2.00 

potash  K2O) 
0.20  to  1.50   (0.50  to  3.75 

calcium  carbonate.  CaCOfl) 

2.500  to  7.500 

750  to  2.750  (1.750  to 

6.250.  P2O5) 
20.000  to  40.000  (25.000  to 

50.000.  KK)) 
5000  to  37.500  (12.500  to 

93.750.  CiaCOs) 

In  extreme  cases,  figures  run  below  and  much  above 
these.  Thus,  potassium  may  in  some  cases  run  above 
100,000  pounds  an  acre  and  calcium  still  higher,  while 
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phosphorus  may  exceed  10,000  pounds,  and  nitrogen  in 
muck  and  peat  soils  may  run  above  50,000  pounds  per 
acrfe. 

Relation  of  food-supplies  to  needs  pf  crops.— When  yvt 
take  into  consideration  the  fact  that  few  crops  use 
annually  more  than  50  to  75  pounds  of  nitrogen,  10  to  20 
pounds  of  phosphorus  (23  to  46  pounds  of  phosphoric 
acid),  75  to  100  pounds  of  potassium  (90  to  120  pounds 
of  potash),  it  is  obvious  that  even  a  rather  poor  soil 
contains  each  of  these  constituents  in  amounts  sufficient 
to  supply  crops  for  many  years. 


CHAPTER  VIII 
THE  ORGANIC  CONSTITUENTS  OF  SOILS 

In  addition  to  inorganic,  rock-derived  materials,  soils 
contain  variable  amounts  of  organic  matter,  which  has 
its  origin  for  the  most  part  in  the  former  generations  of 
plants  that  have  grown  in  the  soil  and  undergone  decom- 
position ;  to  a  less  extent,  soil  organic  matter  comes  also 
from  animal  remains.  In  the  case  of  agricultural  soils, 
the  upper  layer  is  continually  receiving  supplies  of 
organic  matter  in  the  form  of  leaves,  plant  residues  left  in 
the  soil  (roots,  stubble,  etc.),  green-crop  manures 
(pp.  348-362),  farm  manures  (pp.  288-347)  and  various 
kinds  of  vegetable  and  animal  waste  materials.  This 
organic  matter,  whatever  its  original  source  or  character, 
IS  found  in  soils  in  all  kinds  of  conditions  or  stages  of 
decomposition,  varying  from  the  fresh  material  to  that 
which  has  undergone  more  or  less  extensive  chemical 
changes,  and  which  appears  in  the  forms  known  as  leaf- 
mold,  peat,  muck,  humus,  vegetable  mold,  etc.,  accord- 
ing to  the  nature  and  extent  of  the  changes  that  have 
occurred  in  it.  Sooner  or  later,  decomposition  so  alters 
vegetable  or  animal  matter  in  soils  as  to  form  a  dark- 
colored  mass,  in  which  all  trace  of  any  characteristic 
tissue  structure  in  the  original  material  disappears,  and 
the  decomposed  material  is  more  or  less  completely 
incorporated  as  an  integral  part  of  the  soil  mass ;  in  this 
condition,  the  soil  organic  matter  is  called  humus. 

The  presence  of  decomposing  and  decomposed  organic 
matter  in  agricultural  soils  is  essential,  generally  speak- 
ing, as  an  aid  in  furnishing  conditions  which  enable  crops 
to  use  applied  fertilizers  most  efficiently.  The  organic 
matter  of  soils  may  affect  the  production  of  crops  in  more 
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ways  than  any  other  soil  constituent,  because,  as  we  shall 
show  later  in  more  detail,  ( i )  it  is  a  source  of  plant>food, 
(2)  it  helps  to  make  available  some  of  the  insoluble  min- 
eral plant^food,  and  (3)  it  influences  favorably  the  physi- 
fal  conditions  of  soils.     (4)  It  may  also,  on  the  other 
hand,     contain     compounds 
which    under    some    condi- 
tions are  poisonous  to  plants. 
On    account    of    the    ex- 
treme    importance     of    or- 
^nic  soil  constituents,  we 
shall  study  (i)  the  changes 
that  organic  matter  under- 
goes in  soils,  (2)  the  condi- 
t  i  o  n  s      influencing      such 
changes,    (3)    the  relations 
of  the  decomposition  prod- 
ucts to  other  soil  constitu- 
ents, (4)  'the  specific  action 
in    relation    to   the   use   of 
fertilizers,     and      (5)     s<m1 
acidity. 

Compositioti    of    organic 
matter^ — ^The  composition  of 
organic      matter,     whether 
fresh  or  in  various  stages  of 
decomposition,  is  extremely 
variable,  since  it  is  a  com- 
plex  mixture   of   numerous 
compounds,   the   kinds   and 
amounts  of  which  constantly 
vary.     In    general,    the   de- 
composition     products      of 
organic  matter  are  governed  by  the  source  and  character 
of  the  original  material  and  by  the  conditions  determin- 
ing the  kind   and   extent   of  decomposition,  such    as 


Alfalfa  roots  go  deep  into 
the  Eoil  and  furnish  a  large 
amount  of  organic  matter. 
Kansas  Statiom. 
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moisture,  air  supply,  temperature,  kind  of  micro-organ- 
isms and  mineral  constituents,  factors  which,  in  turn, 
are  affected  by  tillage,  drainage,  fertilization,  irrigation, 
inoculation,  etc. 

Without  going  into  too  great  detail,  it  is  desirable  that 
we  state  a  few  fundamental  facts  regarding  the  composi- 
tion of  fresh  organic  matter  and  then  trace  the  general 
changes  through  which  the  compounds  of  the  fresh 
material  go  during  the  processes  of  decomposition. 

Fresh  organic  matter  is  made  up,  for  the  most  part, 
of  three  general  classes  of  compounds:  (i)  Nitrogen-free 
organic  compounds  (consisting  of  carbon,  hydrogen  and 
oxygen),  which  include  (a)  carbohydrates,  consisting  of 
cellulose  (the  chief  constituent  of  cell-walls),  sugar,  starch, 
etc.,  (b)  fats  or  oils  and  waxes,  and  (c)  organic  acids. 
(2)  Nitrogen-containing  compounds,  mostly  proteins  (con- 
taining nitrogen,  usually  sulphur,  and,  in  some  cases,  phos- 
phorus, in  addition  to  carbon,  hydrogen  and  oxygen).  (3) 
Inorganic  or  mineral  constituents.  For  our  purpose,  we  do 
not  need  to  consider  numerous  other  compounds  which 
are  present  in  small  amounts.  These  three  classes  of 
compounds  in  fresh  organic  matter  undergo  decomposi- 
tion in  soils  and  furnish  variable  complex  mixtures, 
which  may  contain,  among  others,  some  or  all  of  the 
following  products  of  decomposition,  according  to  the 
kind  and  extent  of  change. 

(i)  Nitrogen-free  compounds  make  up  the  largest  part 
of  soil  organic  matter;  they  consist  largely  of  various 
indefinite,  little-understood,  dark-colored  substances, 
more  or  less  acid  in  character,  rich  in  carbon  (so-called 
humic-acid  compounds)  and,  in  smaller  amounts,  of  cer- 
tain definite  organic  acids  (acetic,  butyric,  etc.).  These 
compounds  come  in  largest  amount  from  the  cellulose, 
starch  and  sugar  of  fresh  organic  matter. 

(2)  Nitrogen  compounds  are  present  in  decomposing  and 
decomposed  organic  matter  in  much  smaller  amounts 
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than  nitrogen-free  products.  They  include  (a)  dark- 
colored,  insoluble  nitrogen-containing  carbon  compounds, 
(b)  ammonia,  and  (c)  nitric  acid. 

(3)  Inorganic  compounds  include  the  mineral  constituents 
or  salts,  mainly  in  the  form  of  calcium,  magnesium  and 
potassium  compounds,  such  as  phosphate,  carbonate,  sul- 
phate, etc.,  which  are  always  present  in  small  amounts  in 
fresh  organic  matter. 

Decomposition  of  organic  matter  in  soils. — ^The  process 
of  decomposition  by  which  fresh  organic  matter  in  soils  is 
changed  into  entirely  different  forms  of  combination  is  a 
biochemical  process  primarily  brought  about  by  micro- 
organisms, chief  among  which  are  bacteria  (pp.  198-213) 
and  fungi  (p.  230).  Decomposition  is  of  two  general 
kinds,  one  taking  place  in  air  (aerobic,  p.  200)  and  the 
other  away  from  the  air  (anaerobic,  p.  201).  The  com- 
position and  amount  of  the  products  of  decomposition 
remaining  in  the  soil  differ  greatly  in  the  two  processes. 

(i)  Decomposition  in  presence  of  air. — With  abundance 
of  air,  organic  matter  (consisting  chiefly  of  carbon,  hydro- 
gen, nitrogen  and  oxygen)  decomposes  into  simpler  com- 
pounds, and  practically  all  passes  away,  when  the  process 
is  complete,  in  the  form  of  gaseous  compounds  (carbon 
dioxide,  ammonia,  free  nitrogen,  water,  etc.),  without 
leaving  any  organic  residue.  This  is  illustrated  when 
leaves  or  twigs  fall  upon  the  ground.  Without  dark- 
ening much,  such  organic  materials,  under  favorable 
conditions  of  moisture  and  temperature  (p.  200),  undergo 
a  process  of  slow  burning  or  union  with  oxygen  and  in 
time  disappear,  leaving  about  the  same  constituents  that 
would  be  found  in  the  ashes  produced  by  rapidly  burning 
the  same  material.  This  process  can  be  easily  observed 
in  its  various  stages  in  forests  in  the  case  of  fallen  trees; 
in  the  course  of  time,  under  the  action  of  fungi  and  bac- 
teria, the  solid  wood  softens,  becomes  "rotten,"  loses  all 
signs  of  structure  of  grain  or  fiber,  and  sinks  down  into 
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a  shapeless  heap;  the  material  may  remain  nearly  white 
in  color  or  may  become  reddish  or  brownish.  The  pile 
slowly  flattens  out  and  all  traces  of  organic  matter  disap- 
pear in  time. 

This  destructive  form  of  decomposition  takes  place  to 
a  greater  or  less  extent  in  soils  according  to  the  amount 
of  air  present,  other  conditions  being  uniform.  It  is  a 
fact  of  practical  experience  that  vegetable  or  animal  mat- 
ter disappears  much  more  rapidly  in  light,  porous;  well- 
drained,  well-ventilated  soils  than  in  compact  or  over- 
moist  soils  where  the  air  supply  is  limited  (p.  132). 
Other  conditions  being  the  same,  organic  matter  disap- 
pears more  rapidly  at  higher  temperatures,  as  illustrated 
in  case  of  a  warm,  dry  climate. 

(2)  Decomposition  in  absence  of  air. — Away  from  air, 
as  when  leaves  or  twigs  fall  into  a  swamp  or  pond  and 
are  buried  under  water,  the  organic  matter  decomposes 
slowly  and  only  partially,  leaving  a  comparatively  large 
amount  of  incompletely  decomposed  organic  material, 
since  the  loss  of  organic  compounds  through  change  into 
gaseous  products  is  comparatively  small.  In  connection 
with  this  process,  the  following  facts  are  of  interest: 

(a)  Visible  effects  of  decomposition.  Signs  of  change 
in  the  original  organic  material  are  made  visibly  evident, 
first,  by  change  in  the  color  of  the  substance  through 
various  shades  of  brown  to  black,  and,  second,  by  the  loss 
of  any  characteristic  shape  or  tissue  structure  that  the 
material  may  have  had  originally,  resulting  in  the  forma- 
tion of  a  finely  granular  or  powdery  mass  when  dry,  or 
a  gelatinous  mass  when  wet. 

(b)  Increase  of  carbon  and  resistance  to  change.  In 
the  conversion  of  cellulose,  starch,  etc.,  into  the  dark- 
colored  compounds  constituting  a  large  part  of  well- 
decomposed  organic  matter,  hydrogen  and  oxygen  pass 
from  the  organic  matter  in  the  form  of  gases  in  a  much 
larger  proportion  than  does  carbon;  consequently,  the 
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carbon  accumulates  and  the  decomposed  organic  matter 
IS  richer  in  carbon  and  poorer  in  hydrogen  and  oxygen 
than  the  original  organic  material.  It  is  also  a  fact  of 
interest  that  these  dark-colored,  high-carbon  compounds 
show  increasing  resistance  to  further  decomposition,  the 
resistance  becoming  more  pronounced  as  the  percentage 
of  carbon  in  the  substance  increases.  On  this  account 
the  dark-colored  material  remains  in  the  soil  a  long  time. 
This  resistance  to  decomposition  probably  finds  an 
explanation  in  the  composition  of  the  material.  The 
jnicro-organisms  first  use  up  the  least  resistant  com- 
pounds of  the  fresh  organic  matter.  In  the  remaining 
tougher  portions,  it  is  more  difficult  for  the  organisms  to 
obtain  food  and  their  activity  diminishes,  in  time,  when 
only  the  most  resistant  compounds  are  left,  decomposi- 
tion practically  ceases  from  lack  of  food  supply.  In  this 
connection,  it  may  be  mentioned  that  cellulose  is  of  dif- 
ferent kinds,  some  easy,  and  some  difficult,  to  decompose. 
For  example,  the  soft  parts  of  leaves  decompose  easily 
in  comparison  with  the  ribs  and  stems. 

(c)  Increase  of  nitrogen  and  insolubility.  Proteins, 
in  absence  of  air,  are  decomposed  with  greater  difficulty 
and  less  completeness  rtian  starch,  sugar,  some  forms  of 
cellulose;  etc.  Nitrogen,  therefore,  tends  to  accumulate 
and  the  decomposed  organic  matter  contains  a  larger  per- 
centage of  nitrogen  than  the  original  material.  The  nitro- 
gen compounds  slowly  change  into  dark-colored  sub- 
stances of  variable  composition  and  the  nitrogen  is  left 
in  forms  of  combination  not  easy  to  decompose  further. 
More  or  less  soluble  nitrogen  is  made  insoluble  by  being 
taken  into  the  body  substance  of  the  micro-organisms 
themselves.  In  this  anaerobic  process  of  decomposition, 
nitrogen  compounds  tend  to  become  less  available  as 
plant-food. 

Intermediate  decomposition  products. — Intermediate 
between  the  fresh  organic  matter  and  the  products  of  its 
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advanced  decomposition,  the  decomposing  material,  as  a 
whole,  acquires  certain  characteristics,  which  represent 
the  kind  and  extent  of  change,  or  the  stage,  in  the  process 
of  decomposition.  The  mass  of  organic  material  in  these 
intermediate  stages  of  change  is  known  under  various 
names,  such  as  leaf-mold,  peat,  muck,  etc.  The  character 
of  the  products  is  largely  controlled  in  each  case  by  the 
conditions  of  air  supply,  temperature,  moisture,  etc.,  since 
these  conditions  determine  what  particular  set  of  decom- 
posing agents  predominates.  We  will  now  briefly 
consider  the  main  characteristics  of  some  of  these  inter- 
mediate decomposition  products  of  organic  matter. 

(i)  Leaf -mold  or  mild  humus  is  the  name  applied  to  the 
dark-colored,  organic  material  formed  by  the  incomplete 
decomposition  of  leaves,  twigs,  etc.,  on  the  surface  of  well- 
drained  forest  soils.  Of  a  similar  nature  is  the  brown, 
powdery  material  often  found  inside  of  dead,  hollow 
trees.  Such  materials  represent  a  stage  of  decomposition, 
in  the  presence  of  air,  intermediate  between  the  fresh 
organic  matter  and  the  gaseous  products  formed  by  com- 
plete action.  Leaf-mold  and  similar  materials  are  quite 
different  from  what  we  call  humus.  This  is  shown  in 
two  ways:  (i)  Leaf-mold  is  either  neutral  or  alkaline, 
while  humus  is  acid;  (2)  leaf-mold  is  easily  changed  in 
air  by  micro-organisms  into  simple  compounds,  while 
humus  is  only  slowly  changed. 

(2)  Peat  consists  of  plant  remains  in  the  early  stages  of 
decomposition  under  water  and  therefore  away  from  the 
air.  The  original  structure  of  the  plant  tissues  is  more  or 
less  plainly  visible.  Peat  is  generally  formed  in  very 
extensive  deposits,  often  of  considerable  depth.  Decom- 
position is  usually  delayed  or  prevented  by  exclusion  of 
air  through  saturation  with  water,  but  takes  place  when 
the  mass  dries  out  somewhat;  consequently  there  are 
usually  alternating  periods  of  active  decomposition  and 
suspension  of  such  changes.    The  partially  decomposed 
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material  may  be  prevented  from  undergoing  further 
change  by  the  accumulation  of  acid  products  of  decompo- 
sition, which  poison  the  micro-organisms.  The  alternate 
saturation  and  drying  of  the  mass  furnish   conditions 


The  effect  of  $3.50  worth  of  potash  per  acre  on  a  marsh  soil.  It 
would  seem  that  a  potash  fertilizer  should  receive  some  considera- 
tion when  an  application  of  150  pounds  of  potassium  chloride  will 
produce  15  tons  of  ensilage  corn  where  only  3  tons  would  grow 
otherwise.    Wisconsin  Station. 

which  delay  or  advance  decomposition.  The  plant-food 
material  in  peat  is  only  slowly  available.  Two  general 
classes  of  peat  are  recognized,  (i)  grass  peat  from 
Bwamp-grass,  etc.,  and  (2)  moss-peat  from  sphagnum 
moss.  ■       ■ 
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(3)  Muck,  known  also  as  meadow-peat,  swamp-muck, 
etc.,  consists  of  plant  remains  that  have  undergone  more 
complete  decomposition  than  in  case  of  peat,  though  the 
line  of  division  between  muck  and  peat  is  not  a  sharp  one. 
Muck  more  nearly  approximates  the  condition  of  the  dark 
constituents  of  humus.  Muck  is  brown  or  black  in  color 
and  shows  much  less  of  the  original  structure  of  plant 
tissues  than  does  peat.  The  plant-food  constituents  in 
muck  are  not  quickly  available,  but  are  more  so  than 
those  of  peat.  Drainage,  liming  (p.  379),  application  of 
phosphorus  and  potassium  compounds,  and  tillage  are 
the  means  usually  employed  to  make  peat  or  muck  soife 
productive. 

Active  and  inactive  organic  matter. — In  this  connec- 
tion, attention  is  called  to  a  distinction  that  may  be  made 
in  relation  to  organic  matter  in  soils,  as  active  and  inactive. 
It  is  said  to  be  active  when  its  less  resistant  portions  are 
undergoing  decomposition,  changing  its  own  plant-food 
constituents  from  insoluble  to  soluble  forms,  and  fur- 
nishing products  that  convert  into  available  compounds 
some  of  the  unavailable  forms  of  plant-food  material  in 
the  soil  (p.  228).  When  the  more  active  stages  of 
decomposition  have  passed,  the  micro-organisms  having 
used  up  the  more  easily  decomposable  organic  constitu- 
ents, there  remains  a  portion  which  so  strongly  resists 
further  change  that  it  may  require  years  for  its  complete 
decomposition,  and  this  portion  is  known  as  inactive  or 
slowly  available  organic  matter.  This  inactive  material, 
while  not  a  source  of  quickly  available  plant-food,  is 
extremely  useful  on  account  of  its  effect  upon  the  physi- 
cal properties  of  the  soil  (p.  134).  The  application  of 
fresh  organic  matter  to  soils  is  generally  attended  with 
much  more  rapid  and  effective  results  than  the  use  of 
such  inactive  materials  as  peat  and  muck. 

Acids  in  decomposing  organic  matter. — In  the  decom- 
position of  organic  matter,  acid  compounds  form  a  class 
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of  constituents  deserving  special  attention  on  account  of 
their  important,  practical  relations.  For  conveniencct 
the  acid  compounds  in  decomposing  and  decomposed 
organic  matter  may  be  considered  under  the  following 
heads:  (i)  Acids  in  plant  juices,  (2)  organic  acids  from 
carbohydrates,  fats,  waxes,  resins,  etc,  (3)  miscellaneous 
organic  acid  compounds,  (4)  carbon  dioxide,  (5)  nitric 
acid. 

( 1 )  Acids  in  plant  juices. — Plant  juices  are  generally  acid 
owing  to  the  presence  of  the  organic  acids  or  acid  salts 
they  contain,  which  are  commonly  spoken  of  as  vegetable 
acids.  These  are  present  in  the  fresh  organic  matter 
and,  although  they  are  decomposed  sooner  or  later,  they 
probably  persist  long  enough  to  produce  some  solvent 
effect  in  the  soil. 

(2)  Organic  acids  from  carbohydrates^  fats,  waxes, 
resins,  etc. — ^In  those  portions  of  soils  that  are  well  aerated 
and  warm,  sugar,  starch,  part  of  the  cellulose,  oils,  etc., 
are  converted  by  micro-organisms  quite  rapidly  into 
definite  organic  acids.  It  is  a  familiar  experience  that 
carbohydrate  materials  sour  easily  and  oils  become  ran- 
cid. For  example,  one  acid  commonly  formed  by  car- 
bohydrate decomposition  is  acetic  acid,  familiar  in  vine- 
gar, ensilage,  fermenting  pea-vines,  fruit-refuse  about 
canning  works,  etc.  Many  of  the  acids  formed  in  this 
way  are  of  definite,  well-known  composition.  These 
acids  or  their  salts  may  be  decomposed  into  carbon  diox- 
ide and  water  in  the  presence  of  abundance  of  air  and 
warmth,  and,  may,  therefore,  not  be  present  in  soil 
organic  matter  that  has  reached  an  advanced  stage  of 
decomposition  under  these  conditions. 

(3)  Miscellaneous  organic  acid  compounds. — There  is 
present  in  the  organic  matter  of  the  soil,  when  it  is  in 
an  advanced  stage  of  decomposition,  a  variable  number 
of  different  organic  compounds  more  or  less  acid  in  char- 
acter.   Not  very  much  is  known  about  these  yet  and 
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that  little  is  the  result  of  recent  investigation.  These 
acid  compounds,  as  well  as  others  of  a  quite  different 
chemical  character,  are  found  in  that  part  of  the 
organic  matter  which  it  has  been  the  custom  to  call 
"humic  acid."  This  substance  was  supposed  to  be  made 
up  of  a  few  well-defined  compounds,  but  recent  work 
appears  to  show  that  the  old  conception  was  based  upon 
serious  errors,  due  to  the  undeveloped  state  of  knowl- 
edge in  the  field  of  organic  chemistry,  and  that  none  of 
the  supposed  compounds  actually  exists,  but  that  in  their 
place  there  are  a  great  many  other  organic  compounds, 
some  of  which  have  acid  properties,  though  very  much 
remains  to  be  learned  about  the  composition  of  this  com- 
plex substance  or  mixture  of  organic  compounds.  Under 
the  former  conception,  "humic  acid"  unites  with  such 
elements  as  calcium,  magnesium,  potassium,  etc.,  to  form 
"humates.** 

Out  of  the  mass  of  statements  in  regard  to  the  prop- 
erties of  so-called  "humic  acid,"  it  may  be  useful  to 
remember  one  or  two  observations.  When  the  com- 
pounds embraced  under  the  term  "humic  acid"  are  treated 
with  an  alkali,  such  as  ammonium,  sodium,  or  potassium 
hydroxide,  soluble  compounds  are  formed;  when  these 
organic  compounds  are  treated  with  a  basic  compound 
of  an  alkaline  earth,  like  calcium  or  magnesium  hydrox- 
ide or  carbonate,  insoluble  compounds  are  formed. 
Therefore,  in  soils  containing  an  abundance  of  calcium 
carbonate,  the  acid  compounds  are  completely  neutral- 
ized and  there  remain  only  compounds  that  are  not  easily 
soluble  in  water. 

The  presence  of  these  uncombined  or  unneutralized 
acid  organic  compounds  in  an  acid  soil  or  in  sour  muck 
is  indicated  by  the  following  test:  Put  about  a  table- 
spoonful  of  soil  into  a  glass  or  cup  half  full  of  water,  to 
which  is  added  a  teaspoonful  or  two  of  strong  ammonia 
that  has  been  diluted  with  four  or  five  times  as  much 
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water.  After  standing  several  hours,  the  liquid  becomes 
dark-brown  or  black  if  acid  compounds  are  present  in 
the  soil.  This  dark  solution  is  formed  by  the  combina- 
tion of  ammonia  with  these  organic  compounds;  these 
ammonia  compounds  dissolve  in  water  and  produce  a 
dark  color.  When  calcium  carbonate  is  present  in  a  soil, 
it  combines  with  these  organic  acid  compounds  and  the 
resulting  compounds  are  not  soluble  in  ammonia.  When 
there  is  a  deficiency  of  calcium  compounds,  the  organic 
acid  compounds  remain  uncombined  and  can  then  com- 
bine with  ammonia  to  form  dark  solutions.  This  is  really 
a  test  for  deficiency  of  lime.  It  is  somewhat  the  same 
kind  of  material  that  imparts  the  dark  color  to  liquid 
draining  from  a  manure  pile.  The  dark  color  of  water  in 
muck  swamps,  or  in  ponds  or  lakes  surrounded  by 
wooded  hills,  or  in  streams  confined  to  forests,  is  due  to 
the  presence  of  organic  decomposition  products  of  vege- 
table matter  leached  from  the  soil,  which  is  rich  in  organic 
decomposition  compounds.  The  addition  of  some  .cal- 
cium compound  to  such  dark  solutions  forms  a  precipi- 
tate, separating  from  the  solution  in  dark,  flaky  masses 
and  leaving  the  liquid  clear  and  colorless. 

(4)  Carbon  dioxide  gas  is  always  formed  (p.  60)  by  the 
decomposition  of  organic  matter  in  soils;  it  is  taken  up 
by  the  soil  water  and  largely  retained.  Soils  in  which 
considerable  amounts  of  organic  matter  are  undergoing 
decomposition  are  rich  in  this  gas,  the  soil  air  often  con- 
taining two  or  three  hundred  times  as  much  carbon  diox- 
ide as  does  ordinary  air. 

(5)  Altric  acid  is  produced  as  the  final  product  of  the 
bacterial  change  (p.  204)  of  the  protein  compounds  that 
are  present  in  fresh  organic  matter. 

Poisonous  compounds  or  toxins  formed  from  organic 
matter. — At  the  Bureau  of  Soils  (U.  S.  Dept.  of  Agr.), 
there  have  been  recently  isolated  from  the  organic  matter 
of  soils  numerous  organic  compounds  that  are  decompo- 
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sition  products  of  organic  materials.  Among  these  com- 
pounds are  some  that  appear  to  be  useful  plant- 
foods,  while  some  act  as  poisons,  or  are  toxic,  to  plants 
grown  in  water  solutions  containing  these  compounds 
in  very  small  amounts.    It  is  thought  that  to  some  ex- 


Effect  of  a'soil  toxin  upon  the  growth  of  wheat  seedlings.  The 
smaller  plant  (1)  was  grown  in  a  culture  solution  containing  200 
parts  per  million  of  di -hydroxy-stearic  acid;  the  larger  plant  (3) 
was  grown  in  distilled  water.    Bureau  of  Soils,  U.  S.  Dept.  of  Agr. 

tent  plants  may  produce  excretory  products  which 
are  passed  from  the  surface  of  roots  into  the  soil  and 
which  are  either  directly  poisonous  or  are  changed  in 
the  soil  to  plant  toxins.  Experimental  evidence  indicates 
that  soils  and  soil  water  may  contain  organic  substances 
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that  are  harmful  to  the  plant  or  organism  producing 
them,  and  they  may  be  harmful,  neutral  or  even  bene- 
ficial to  other  plants  or  organisms.    To  what  extent  the 
results  of  experimental  work  done  by  the  growing  of 
plants  in  water  solutions  in  the  presence  of  toxic  sub- 
stances can  be  applied  to  the  action  of  these  substances 
under  actual  soil   conditions  has   not  yet  been    demon- 
strated in  a  complete  and  extensive  manner.    So  far  as 
indications  point  at  present,  organic  toxic  compounds  in 
the  soil  are  rendered  partially  or  completely  harmless  to 
plants  by  good  drainage,  aeration,  tillage,  crop  rotation, 
liming  and  fertilizers,  just  the  conditions  that  have  been 
recognized  as  essential  to  good  farming.    The  extent  to 
which  organic  soil  toxins  constitute  a  factor  of  decreased 
power  of  crop  production  is  a  matter  of  dispute.     By 
some  it  is  regarded  as  the  chief  factor  of  unproductive- 
ness, while  others  go  to  the  extreme  of  denying  that  it  is 
a  factor  of  any  serious  importance  at  all.    It  can,  how- 
ever, be  said  safely  that  the  work  done  in  this  field  is 
extremely  interesting  and  suggestive,  but  that  it  is  still 
far  from  complete,  and  that  it  is  too  early  to  make  far- 
reaching  applications  of  the  results  now  at  hand  to  prac- 
tical  soil   management.     The   existence   of  soil  toxins 
appears  to  offer  a  satisfactory  explanation  of  the  decreased 
yields  obtained  by  growing  the  same  crop  continuously 
upon  the  same  soil ;  since  it  is  held  either  that  some  plants 
excrete  from  their  roots  organic  compounds   that  are 
injurious  to  themselves,  though  neutral  or  even  beneficial 
to  other  plants,  or  that  the  decomposition  of  the  soil  resi- 
due of  one  crop  produces  compounds  that  are  poisonous 
to  the  same  kind  of  plants. 

Action  of  organic  matter  on  soil  constituents. — ^Under 
agricultural  conditions,  vegetable  or  animal  matter  is 
distributed  through  the  soil  and  comes  into  intimate  con- 
tact with  many  of  the  soil  particles.  The  composition  of 
these  particles  is  to  some   extent  modified   during   the 
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process  of  decomposition  of  the  organic  matter,  especially 
by  the  acid  compounds  present  at  various  stages.  The 
chemical  changes  produced  in  soil  constituents  by  these 
acids  may  be  summarized  as  follows : 

(i)  Potassium  compounds  in  some  insoluble  forms  are 
changed  into  soluble  compounds,  such  as  potassium  car- 
bonate, potassium  nitrate,  and  combinations  of  potas- 
sium with  organic  compounds. 

(2)  Phosphorus  compounds,  especially  insoluble  cal- 
cium phosphate,  are  changed  into  soluble  form.  It  is 
probable  that  even  the  insoluble  iron  and  aluminum  phos- 
phates may  be  dissolved  to  some  extent. 

(3)  Organic  acid  compounds  combine  with  calcium, 
magnesium,  etc.,  to  form  insoluble  compounds,  as  already 
stated ;  this  has  the  effect  of  preventing  rapid  loss  of  the 
decomposed  organic  matter  by  leaching. 

(4)  Nitric  acid  combines  with  calcium,  potassium,  sodium, 
etc.,  to  form  nitrates. 

(5)  Carbonates. — ^The  carbon  dioxide  of  the  soil,  which 
comes  largely  from  the  decomposition  of  organic  matter, 
is  effective  by  its  solution  in  soil  water  in  dissolving 
insoluble  soil  constituents  and  making  them  available, 
important  among  which  are  calcium  carbonate  and  phos- 
phate, and  compounds  of  potassium,  magnesium,  etc. 

(6)  Neutratization  of  acids, — In  combining  with  acid 
compounds  in  organic  matter,  the  inorganic  constituents 
of  the  soil  usually  form  neutral  salts;  the  free  acids 
originally  in  fresh  organic  matter  and  those  produced 
during  decomposition  are  thus  neutralized  and  the  soil 
is  prevented  from  becoming  acid. 

From  the  foregoing  statements,  it  is  readily  seen  that  the 
available  supply  of  plant-food  in  soils  is  closely  associated 
with  the  presence  and  decomposition  of  organic  matter. 

Animal  and  vegetable  matter  in  relation  to  composition 
of  soil  organic  matter. — There  are  marked  differences  in 
the   kinds   and  amounts  of  compounds  formed   by  the 
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decomposition  of  animal,  as  oompareo  with  vegetable 
matter,  in  soils.  These  differences  are  interesting  and 
have  commonly  been  overlooked  in  this  connection. 
Vegetable  matter  contains  carbohydrates  in  largest  pro- 
portions and  only  small  amounts  of  proteins,  while  the 
reverse  is  true  of  animal  matter.  In  the  decomposition  of 
vegetable  matter,  relatively  large  amounts  of  organic 
acids  are  formed  and  the  humus  is  distinctly  acid.  In  the 
decomposition  of  animal  matter,  the  products  formed 
after  the  preliminary  changes  are  compounds  which 
become  increasingly  alkaline,  instead  of  acid,  until  the 
strongly  alkaline  ammonia  is  finally  formed.  In  the  sub- 
sequent changes  nitric  acid  is  formed  which  is  apt  to  be 
used  up  rapidly  by  growing  crops  and  is  therefore  not 
liable  to  increase  more  than  temporarily  the  soil  acidity. 
It  is,  then,  not  inaccurate  to  speak  of  vegetable  matter  as 
a  source  of  acid  products  and  of  animal  matter  as  a  source 
of  alkaline  products.  Nitric  acid  is  a  strong  dissolving 
agent,  making  available  insoluble  phosphorus  and  potas- 
sium compounds,  and  the  salts  of  nitric  acid  (nitrates) 
act  directly  as  plant-food.  Organic  acids  produced  by  the 
decomposition  of  carbohydrates  are  not  regarded  as  plant  • 
food,  and  their  dissolving  power  is  somewhat  weaker 
than  that  of  nitric  acid.  In  addition  to  the  differences 
already  mentioned,  vegetable  matter  furnishes  much 
larger  amounts  of  insoluble,  long-lasting  organic  material 
rich  in  carbon  than  animal  matter  does. 

Relation  of  character  of  soils  to  decomposition  of 
organic  matter. — The  rapidity  with  which  organic  matter 
is  decomposed  and  the  length  of  time  the  products  remain 
in  soils  are  points  closely  associated  with  soil  conditions. 
In  warm,  light,  porous  soils,  which  easily  admit  abun- 
dance of  air,  the  fresh  orgc.nic  matter  is  more  rapidly 
decomposed  and  with  greater  loss  than  in  compact,  cold, 
moist  soils,  which  are  not  well  ventilated.  In  the  case 
of  more  compact  soils,  decomposition  is  slower  and  con- 
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Unties  longer.  On  account  of  less  free  admission  of  air, 
organic  matter  is  more  abundant  in  pastures  and  mead- 
ows than  in  cultivated  soils. 

Phjmical  cbaracterisdcs  of  decomposition  prodncts.— 
Decomposed  organic  matter  (humus)  in  soils  has  certain 
characteristic  physical  properties  which  give  it  peculiar 
value  in  relation  to  crop  production.  Those  of  special 
interest  are  (l)  absorbing  power,  (2)  expansive  nature, 
(3)  lightness,  (4)  cementing  power. 

(i)  Absorbing  ^o«rVn— Decomposed  organic  Matter 
acts  much  like  fine  charcoal  or  a  sponge  in  absorbing  and 
retaining  water,  gases  and  solutions.  For  example,  a 
cubic  foot  of  soil  rich  in  such  material  can  hold  twice  as 
much  water  as  the  same  amount  of  sand. 

(2)  Expansive  power. — ^Decomposed  oiganic  matter 
shrinks  very  much  in  bulk  when  dried  and  expands  sim- 
ilarly when  it  takes  up  water. 

(3)  Lightness. — ^A  given  volume  of  the  organie  portion 
of  the  soil  averages  about  half  as  heavy  as  aa  equal 
volume  of  the  mineral  portion. 

(4)  Cementing  power. — ^Thot^  mudi  less  stidcy  than 
clay,  decomposed  organic  matter  is  enough  so  to  possess 
moderate  cementing  power ;  it  holds  together  the  coarse 
particles  of  light  sandy  soils,  and  it  also  separates  the 
crumbs  in  clay  soils,  thus  favoring  the  granular  struc- 
ture and  promoting  lightness. 

Amount  of  organic  matter  in  sdla^— The  amount  of 
organic  matter  in  soils  varies  widely.  It  is  generally 
larger  in  the  soil  than  in  the  subsoil,  decreasing  with 
depth ;  it  is  usually  greater  in  clay  than  in  sandy  soils, 
and  in  meadows  or  pastures  than  in  cultivated  soils ;  it  is 
generally  greater  in  moist  than  in  dry  soils.  In  good 
soils  where  rainfall  is  fairly  abundant,  it  averages  about 
2  per  cent.,  varying  from  below  I  to  over  5  per  cent.  In 
deep  peat  or  muck  soils  that  are  acid,  the  amount  of 
organic  matter  may  rise  as  high  as  ^5  P^  CfSiX*    In 
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soils  of  dry  climates,  it  is  usually  below  I  per  cent. ;  it  is 
an  interesting  fact  in  connection  with  such  so'iH  that, 
while  the  amount  of  humus  is  small,  the  percentage  of 
nitrogen  in  the  humus  is  high,  since  the  carbon  in  the 
organic  matter  is  largely  destroyed  by  fermentation 
imder  the  conditions  of  high  temperature  and  low  mois- 
ture while  the  nitrogen  is  largely  retained. 

Action  of  organic  matter  in  soils. — Organic  matter  is  o£ 
extreme  importance  in  connection  with  crop  growing  on 
account  of  the  useful  effects  it  produces  in  soils,  some  of 
which   are  purely   physical,   some   chemical,   and   some 


Corn  following  alfalfa.    The  Coniinuous  growth  of  corn. 

soil   is   well   titled   with   organic       The   soil   is   compact,   owing   to 
matter  and  is  crumbly  in  struc-      lack  of  organic  matter, 
ture.  Minnesota  Station 

biological.     These   effects,    some   of   which    have    been 
already  mentioned,  are  briefly  summarized  as  follows: 

(i)  Water-holding  poxver. — Organic  matter  in  the  form 
of  humus  increases  the  power  of  a  soil  to  take  up  and 
retain  water.  On  account  of  its  sponge-like  porosity,  it 
absorbs  water  and  gases  (ammonia,  carbon  dioxide,  etc.) 
much  more  abundantly  than  any  other  soil  constituent. 
In  holding  water,  it  carries  also  those  plant-food  con- 
stituents that  are  dissolved  in  the  water.  Soils  with  a 
generous  supply  of  decomposed  organic  matter  resist  the 
effects  of  drouth  more  readily. 
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(2)  Structure. — Organic  matter  as  humus  greatly 
improves  the  mechanical  condition  of  soils.  In  the  case 
of  heavy  soils,  it  promotes  the  formation  of  the  desirable 
crumb-like  structure,  making  them  less  sticky  and  easier 
to  work,  enabling  them  to  receive,  distribute  and  hold 
water  more  effectively,  improving  ventilation,  and  mak- 
ing it  easier  for  roots  to  penetrate  the  soil.  In  the  case 
of  sandy  soils,  it  serves  to  bind  together  the  loose  soil 
particles,  diminishing  excessive  porosity  and  ventilation, 
enabling  them  to  take  up  and  retain  moisture,  preventing 
abnormal  leaching  of  plant-food,  helping  roots  to  get  a 
firmer  hold,  and  preventing,  or  lessening  drifting  by 
winds  or  erosion  by  rains.  ^ 

(3)  Warmth. — ^The  warmth  of  a  soil  is  largely  dependent 
upon  the  color.  Other  conditions  being  uniform,  the 
darker  a  soil,  the  more  readily  it  absorbs  the  sun's  heat. 
Soils  well  supplied  with  decomposed  organic  matter  are 
darker  in  color  and  therefore  warmer;  such  soils  maintain 
a  more  uniform  temperature.  This  is  of  special  advantage 
when  an  early  start  is  desired  in  a  crop,  as  in  early  market 
gardening. 

(4)  Availability  of  mineral  plant-food. — ^We  have  already 
seen  that  the  decomposition  of  organic  matter  in  the 
process  of  decomposition  produces  acid  compounds  which 
are  able  to  dissolve  some  of  the  mineral  constituents  of 
the  soil,  thus  changing  unavailable  into  available  forms 
of  plant-food.  This  action  is  of  special  value  in  relation 
to  potassium  and  phosphorus  compounds,  the  available 
forms  of  which  are  for  the  most  part  associated  with  the 
organic  matter. 

(5)  Relation  to  soil  nitrogen. — ^Most  of  the  soil's  nitrogen 
comes  from  the  organic  material.  Therefore,  the 
nitrogen  in  organic  matter  constitutes  the  main,  natural 
source  of  the  soil's  nitrogen  supply.  The  nitrogen  decom- 
posed in  organic  matter  is  held  in  slowly  available  form. 
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gradually  undergoing  conversion  into  nitrate  under  nor* 
mal  soil  conditions.  " 

(6)  Relation  to  micro-organisms. — Organic  matter  is  the 
soil  material  in  which  take  place  all  the  important  activ- 
ities of  micro-organisms,  because  its  substance  furnishes 
the  food  essential  to  their  growth.  Other  conditions 
being  uniform,  the  greater  the  amount  of  organic  matter 
in  soils,  the  greater  the  work  of  micro-organisms.  Its 
effect  upon  the  moisture  and  temperature  of  soils  makes 
the  conditions  more  favorable  for  the  growth  of  micro- 
organisms. Material  like  farm  manure  not  only  furnishes 
food  for  bacteria,  but  adds  new  supplies  of  micro- 
organisms to  those  already  in  the  soil.  Such  materials  as 
green-crop  manures  and  ordinary  organic  fertilizing  mate- 
rials (cottonseed-meal,  tobacco  waste,  tankage,  etc.)  are 
valuable  more  for  the  food  they  furnish  bacteria  already 
in  the  soil  than  for  the  numbers  of  bacteria  they  add. 

Loss  of  organic  matter  in  soils. — It  is  a  well-known 
fact  in  farm  experience  that  soils  lose  their  organic  mat- 
ter. The  effects  of  this  loss  are  shown  in  various  ways, 
as  by  increased  compactness,  decreased  power  to  receive 
and  hold  moisture,  greater  difficulty  of  working  and  in 
diminished  productivity.  Generally  speaking,  any  condi- 
tion which  is  favorable  to  increased  acticTn  of  the  destruc- 
tive micro-organisms  that  work  in  the  presence  of  abun- 
dance of  air  (p.  120)  hastens  the  disappearance  of  soil 
organic  matter,  especially  when  such  conditions  are 
accompanied  by  a  failure  to  furnish  fresh  supplies  of 
organic  matter.  Among  the  specific  conditions  that  favor 
rapid  destruction  and  disappearance  of  soil  organic  mat- 
ter we  mention  the  following: 

(i)  Abundance  of  air. — In  very  porous  soils  where  air 
penetrates  freely,  destructive  fermentation  of  organic 
matter  is  marked,  especially  when  accompanied  with  high 
temperature  and  moderate  moisture.  When  green-crop 
manures  are  plowed  under  there  is  often  danger  th^t 


THB  ORGANIC  CONSTITUENTS  OP  SOILS  I37 

they  may  not  be  sufficiently  covered  with  soil  or  properly 
compacted,  especially  when  the  growth  of  organic  mate* 
rial  is  very  large ;  under  such  conditions  destructive  fer- 
mentation may  destroy  large  amounts  of  it. 

(2)  Moderate  amount  of  soil  moisture. — Destructive  fer- 
mentation is  prevented  in  a  wet  soil  on  account  of  the 
exclusion  of  air.  The  presence  of  only  a  moderate 
amount  of  moisture  favors  action  of  micro-organisms. 

(3)  High  temperature. — ^Temperatures  above  75**  F. 
favor  rapid  action  of  the  decomposition  organisms  in 
soils.  Organic  matter  is  used  up  more  rapidly  in  warm 
climates  than  in  cool.  In  temperate  climates,  summer, 
of  course,  is  the  time  when  fresh  organic  matter  is  most 
rapidly  transformed  into  humus. 

(4)  Too  much  cultivation. — ^This  has  the  effect  of  mak- 
ing the  conditions  of  air-supply  and  moisture  favorable 
for  the  rapid  decomposition  of  organic  matter. 

(5)  Supply  of  micro-organisms, — ^When  a  soil  contains 
large  supplies  of  the  micro-organisms  that  decompose 
organic  matter,  fermentation  goes  on  more  rapidly  than 
when  the  supply  is  small.  It  is  well  known  that  green- 
crop  manures,  which  add  only  small  numbers  of  bacteria 
to  soils,  undergo  decomposition  more  rapidly  if  two  or 
three  tons  of  partially  fermented  farm  manure  are  spread 
on  the  surface  before  plowing  under,  because  the  manure 
furnishes  large  numbers  of  the  desired  kinds  of  bacteria. 

(6)  Abundance  of  calcium  carbonate. — In  a  soil  well 
supplied  with  any  basic  compounds  that  neutralize  acids, 
such  as  calcium  carbonate  or  the  hydroxide  (slaked  lime), 
the  acids  formed  by  decomposition  are  neutralized  as  fast 
as  formed  and  the  decomposing  organic  matter  is  kept 
neutral.  Under  these  conditions,  no  free  acids  accumulate 
to  poison  the  organisms  causing  decomposition  and  they 
continue  their  work  unimpeded;  the  organic  matter  is 
decomposed  more  rapidly  than  in  soils  containing  littl^ 
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or  no  basic  or  neutralizing  material,  where  acids  accumu- 
late quickly  and  retard  or  stop  the  decomposition. 

(7)  Lack  of  supply  of  organic  matter. — It  is  obvious  that 
in  a  cultivated  soil  the  organic  matter  must  be  exhausted 
in  time,  if  no  fresh  supply  is  furnished.  Failure  to  supply 
organic  matter  by  the  regular  routine  of  crop-growing  is 
due,  first,  to  the  removal  of  entire  crops,  leaving  little  or 
no  organic  material  in  the  soil,  and,  second,  to  such  kinds 
of  crop-rotation  as  make  no  provision  for  supplying 
organic  matter. 

(8)  Summer-fallowing. — ^The  practice,  once  common,  of 
allowing  a  field  to  lie  bare  for  an  entire  crop  season  fur- 
nishes conditions  of  temperature  and  moisture  which 
favor  rapid  destruction  of  organic  matter  with  conversion 
of  organic  nitrogen  into  nitrate,  which  is  in  danger  of  loss 
by  leaching  before  the  soil  is  occupied  by  a  crop. 

Accumulation  of  organic  matter  in  soils. — From  the 
preceding  statements  in  regard  to  the  conditions  under 
which  organic  matter  is  lost  in  soils,  one  can  readily  infer 
that  the  reverse  conditions  prevent  its  loss  and  favor  its 
increase  in  soils.  Generally  speaking,  those  conditions 
favor  retention  of  organic  matter  in  soils  which  prevent 
or  delay  the  process  of  decomposition,  chief  among  them 
being  exclusion  of  air  and  absence  of  warmth.  Stated 
more  in  detail,  the  following  conditions  promote  accumu- 
lation of  organic  matter  in  soils : 

(1)  Limited  air  supply. — ^The  absence  of  air  in  slow  fer- 
mentations of  organic  matter  has  already  been  discussed 
(p.  121). 

(2)  Low  temperature. — ^The  micro-organisms  that  decom- 
pose organic  matter  work  more  slowly  as  the  temperature 
drops  below  75**  F. 

(3)  Excessive  supply  of  water. — ^This  has  the  eflFect  of 
excluding  air  and  keeping  temperature  low,  thus  prevent- 
ing or  delaying  decomposition. 
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(4)  Absence  of  cultivation  has  the  effect  of  diiniiiishing 
ir  supply  in  the  upper  layer. 

(5)  Absence  of  micro-organisms  causing  decomposition 
necessarily  prevents  changes  in  organic  matter  in  soils. 

(6)  Lack  of  calcium  carbonate  or  other  basic  compounds 
permits  the  accumulation  of  organic  acids  which  poison 
the  micro-organisms  and  delay  or  prevent  regular  decom- 
position. 

(7)  Addition  of  organic  materials. — ^The  supply  of 
organic  matter  in  soils  may  be  kept  up  by  addition  to  soil 
of  (a)  green-crop  manures,  (b)  crop  residues  (stubble, 
roots,  etc.),  (c)  farm  manure  and  waste  materials,  (d) 
organic  matter  in  commercial  forms,  such  as  dried  blood, 
cottonseed-meal,  etc.,  (e)  application  of  muck,  peat,  etc., 
(f)  animal  manure  dropped  in  pastures. 

Keeping  up  supply  of  organic  matter  in  soils.— In  con- 
sidering the  conditions  under  which  organic  matter  is 
used  up  or  is  maintained  in  cultivated  soils,  it  is  obvious 
that  the  supply  will  not  take  care  of  itself,  but  must  be 
given  special  attention.  Speaking  in  general  terms,  there 
must  be,  in  the  first  place,  a  sufficient  supply  of  fresh 
organic  material;  then,  the  conditions  of  decomposition, 
especially  as  to  supply  of  air  and  moisture,  must  be  so 
regelated  that  the  process  will  not,  on  the  one  hand,  go 
on  too  rapidly  and  result  in  needless  loss  of  organic  mate- 
rial, or,  on  the  other  hand,  proceed  so  slowly  as  to  waste 
time  in  properly  influencing  the  soil  and  crops;  and,  in 
addition,  care  must  be  taken  by  use  of  calcium  carbonate 
to  prevent  an  accumulation  of  acid  products  of  decompo- 
sition to  a  degree  that  will  unfavorably  affect  crops. 

Relation  of  humus  to  use  of  fertilizers.— Many  thou- 
sands  of  tons  of  commercial  fertilisers  have  been  and  are 
being  applied  without  evidence  of  any  appreciable  effect  upon 
yield  or  quality  of  crops,  simply  because  used  upon  soils 
deficient  in  organic  matter.  The  reason  is  readily  under- 
stood when  we  bear  in  mind  the  fact  that  absence  or  defi- 
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ciency  of  soil  organic  matter  produces  a  set  of  physical, 
chemical  and  biological  conditions,  under  which  plants 
cannot  grow  to  best  advantage.  Such  a  condition,  for 
example,  as  compactness  of  soil,  can  be  remedied,  not  by 
application  of  concentrated  fertilizers,  but  only  by  a  gen- 
erous and  wise  supply  of  organic  matter.  In  general,- the 
use  of  commercial  fertilizers  on  soils  deficient  in  organic 
matter  aggravates  the  abnormal  conditions  and  does 
harm  more  often  than  benefit,  resulting  in  direct  financial 
loss. 

SOIL  ACIDITY 

Before  leaving  the  subject  of  soil  composition,  we  will 
give  more  specific  attention  to  the  subject  of  soil  acidity, 
in  which  there  has  been  much  interest  within  the  past 
few  years,  but  about  which  there  is  in  the  minds  of  many 
farmers,  if  not  a  wrong  understanding,  at  least  a  lack  of 
clear  comprehension.  In  order  to  understand  more  defi- 
nitely what  is  commonly  meant  by  soil  acidity,  it  is  neces- 
sary to  review  very  briefly  some  fundamental  chemical 
facts  relating  to  the  constituents  of  soils. 

Basic  compounds. — Soils  that  produce  satisfactory 
crops  contain  basic  compounds;  these  are  compounds  that 
react  chemically  with  acids  to  form  neutral  (non-acid) 
compounds  known  as  salts  (p.  31).  Such  basic  com- 
pounds commonly  present  in  soils  include:  (i)  Carbon- 
ates, especially  calcium  (lime)  carbonate,  with  some  mag- 
nesium carbonate  and  lesser  amounts  of  potassium  and 
sodium  carbonates,  and  sometimes  iron  carbonate;  (2) 
the  oxides  and  hydroxides,  chiefly  (p.  58)  oi  iron  and 
aluminum. 

When  acid  compounds  are  added  to  or  formed  in  soils, 
the  basic  compounds  present  in  the  soil  combine  with 
these  acids  and  form  neutral  compounds  called  salts. 
When  acid  compounds  accumulate  in  a  sgil  tp  such  £^t) 
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extent  as  to  neutralize  all  the  basic  compounds  present, 
then  the  soil  is  in  condition,  with  further  increase  of  acids 
to  contain  free  acid  (p.  30),  which  is  the  mark  of  a  dis- 
tinctly "sour"  soil. 

It  is  obvious,  therefore,  that  the  liability  of  a  soil  to 
become  acid  depends  upon:  (i)  The  amount  of  basic 
(acid-neutralizing)  compounds  in  the  soil,  and  (2)  the 
amounts  of  acid  compounds  added  to  or  formed  in  the 
soil. 

Non-basic  compounds.— In  addition  to  basic  com- 
pounds, which  are  present  in  soils  in  very  variable,  but 
not  usually  in  large,  proportions,  soils  also  contain  large 
amounts  of  non-basic  compounds,  which  do  not  neutralise 
acids.  Such  are  (i)  the  silicates  (p.  60),  usually  present 
in  especially  large  proportions  in  most  agricultural  soils ; 
(2)  silica  (silicon  dioxide,  Si02)i  the  constituent  char- 
acteristic of  sandy  soils;  (3)  all  neutral  salts,  among 
which  are  the  nitrates,  chlorides  and  phosphates  of  cal- 
cium, magnesium,  potassium,  sodium  and  ammonium; 
and  (4)  all  acid  salts  (p.  35),  such  as  acid  phosphates 
(p.  36)  of  calcium,  potassium,  etc.  In  soils  containing 
only  such  compounds  as  do  not  neutralize  acids,  the  ac- 
cumulation of  free  acid  can  readily  occur  when  other  con- 
ditions are  normal.  Therefore,  soils  lacking  in  basic  or 
acid-neutralizing  compounds  may  be  regarded  practically 
as  acid  soils. 

Harmful  effects  of  absence  of  basic  compounds. — ^The 
presence  of  free  acids  in  soils,  or  a  deficiency  of  basic  com- 
pounds near  the  point  of  permitting  the  existence  of  free 
acids,  is  objectionable,  especially  for  the  following  rea- 
sons: (i)  The  decomposition  of  organic  matter  in  soils 
cannot  take  place  normally  in  the  absence  of  basic  com- 
pounds (p.  29).  (2)  The  formation  of  nitrate  nitrogen 
from  ammonia  or  organic  nitrogen  does  not  occur  under 
acid  conditions  (p.  209).  (3)  The  activity  of  bacteria  in 
the  t;tiliz^tion  of  atmospheric  nitrogen  in  cpnn^ctipn  witt 
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legumes  is  prevented  by  soil  acidity  (p.  221).  (4)  While 
some  crops  may  flourish  in  the  presence  of  acid  com- 
pounds, many  require  a  non-acid  or  neutral  soil  environ- 
ment, (s)  Basic  compounds,  like  calcium  carbonate, 
make  possible  those  chemical  changes  in  soils  which 
result  in  the  conversion  of  unavailable  into  available 
plant-food  (p.  108)  and  which  are  impossible  in  soils  lack- 
ing such  basic  compounds.  (6)  Basic  compounds  influ- 
ence favorably  those  physical  conditions  that  are  essen- 
tial in  soils  to  the  successful  growth  of  crops. 

Methods  of  testing  soils  for  acidity. — ^Two  direct  and 
comparatively  simple  tests  can  be  used  in  ascertaining 
whether  a  soil  is  acid,  or  what  is  the  same  thing,  whether 
a  soil  is  lacking  in  calcium  carbonate.  These  two  .tests 
are  the  litmus  test  and  the  ammonia  test. 

(i)  Litmus  test  for  soil  acidity. — ^Litmus  paper  that  is 
either  blue  or  neutral  is  turned  red  by  acids,  the  intensity 
of  color  and  quickness  of  change  increasing  with  the  con- 
centration of  acid.  An  alkali  turns  either  red  or  neutral 
litmus  to  a  blue  color.  When  either  blue  or  neutral  lit- 
mus paper  is  turned  red  by  a  soil,  the  usual  indication 
is  that  the  soil  is  acid  and  does  not  contain  much,  if  any, 
calcium  carbonate.  However,  cases  occur  in  which  blue 
or  neutral  litmus  paper  is  turned  red  by  a  soil,  and  yet 
applications  of  calcium  carbonate  or  hydroxide  do  not 
bring  better  crops.  This  test  has  the  advantage  of  being 
simple,  rapid  and  in  general,  useful,  even  though  its 
results,  taken  alone,  cannot  always  be  relied  upon  to  tell 
when  calcium  is  deficient  in  amount. 

Litmus  paper  can  be  obtained  at  any  drug-store  in  the 
form  of  strips.  Only  the  best  quality  should  be  used.  The 
paper  should  be  kept  in  corked  bottles  to  prevent  change 
of  color  and  should  not  be  touched  by  the  hands,  which 
will  usually  turn  the  paper  red.  A  pin  or  forceps  should 
be  used  in  handling  litmus  strips. 
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The  test  may  be  performed  in  different  ways,  but  the 
following  method  has  been  recommended  as  giving  the 
most  reliable  results:  Take  an  ordinary,  flat-bottomed 
glass  tumbler  and  cut  out  round  pieces  of  perfectly  clean 
white  blotting  paper  of  just  the  siae  to  fit  closely  in  the 
bottom  of  the  tumbler.  Place  the  strip  of  litmus  paper 
at  the  bottom  of  the  tumbler,  over  this  put  the  round  piece 
of  blotting  paper,  and  then  put  in  some  of  the  soil  to  be 
tested.  Add  enough  water  to  make  the  soil  thoroughly 
wet  and  cover  the  glass  with  a  saucer  or  other  convenient 
dish.  Prepare  another  tumbler  in  just  the  same  way, 
except  that  no  soil  is  added  but  only  water ;  this  is  a  blank 
or  check  test  to  show  whether  the  water  or  the  blotting 
paper  used  affects  the  litmus  paper.  These  should  be 
allowed  to  stand  at  least  two  hours ;  the  color  of  the  lit- 
mus paper  against  the  clean  white  background  can  then 
be  examined  through  the  bottom  of  the  glass  without  in 
any  way  disturbing  the  contents  of  the  tumbler.  If  the 
soil  is  acid,  the  litmus  should  be  red  in  the  tumbler  con- 
taining the  soil  but  unchanged  in  the  one  containing  no 
soil.  If  the  litmus  should  turn  red  in  the  one  containing 
no  soil,  then  the  blotting  paper  or  the  water  contains 
some  acid,  or  perhaps  both,  in  which  case  different  paper 
or  water  would  be  needed  to  make  a  satisfactory  test. 

For  quick  use  in  the  field,  the  litmus  paper  can  be 
applied  directly  to  a  ball  of  damp  soil,  but  this  method 
gives  less  reliable  results. 

An  abundance  of  calcium  carbonate  in  a  soil  is  usually 
indicated  when  red  litmus  paper,  used  as  directed  above, 
at  first  becomes  neutral  in  tint  (neither  distinctly  blue 
nor  red)  and  in  the  course  of  half  an  hour  turns  to  a  blue 
color.  A  rapid  change  from  red  to  blue  usually  indicates 
"black  alkali"  (p.  28). 

In  the  case  of  soils  containing  large  amounts  of  cal- 
cium carbonate,  a  simple  test  may  be  made  by  treating 
some  of  the  soil  with  vinegar  or  with  dilute  hydrochloric 


144  FERTILIZERS  AND  CROPS 

(muriatic)  acid.  If  much  carbonate  is  present,  bubbles 
of  gas  will  be  given  off  more  or  less  rapidly,  according  to 
the  amount  of  carbonate  present. 

(2)  The  ammonia  test  for  soil  acidity. — ^This  has  been 
already  described  on  page  127  in  connection  with  a  state- 
ment regarding  miscellaneous  organic  acid  compounds  in 
soils. 


CHAPTER  IX 

RELATIONS  OF  WATER  TO  SOILS  AND  CROPS 

Generally  speaking,  the  moisture  supply  is  a  large, 
dominating  factor  in  plant  growth.  The  efficiency  of  fer- 
tilizers in  crop  growing  is  dependent  upon  the  water 
supply  furnished  by  soils,  when  other  conditions  are  favor- 
able. Plants  utilize  food  material  only  when  it  is  in  solu- 
tion in  "Water.  It  is  a  well-known  fact  that  the  effect  of 
an  applied  fertilizer  may  be  wholly  lost  in  a  dry  season, 
although  it  is  also  true  that  a  well-fed  crop  withstands 
drouth  better  than  one  poorly  fed.  We  shall  consider  the 
subject  under  the  following  divisions: 

1.  Functions  of  water  in  plant  growth. 

2.  Distribution  of  water  in  soiL 

3.  Loss  of  soil  water. 

4.  Control  of  soil  water. 

FUNCTIONS  OF  WATER  IN  PLANT  GROWTH 

Water  performs  the  following  functions  in  relation  to 
plant  growth:  (i)  It  dissolves  plant-food  in  the  soil; 
(2)  it  acts  as  a  carrier  of  dissolved  plant-food  from  soil 
to  plants;  (3)  water  furnishes  the  hydrogen  and  oxygen 
used  in  large  amounts  by  plants;  (4)  water  keeps  the 
cells  of  plants  in  a  swollen  condition,  an  essential  for 
plant  growth;  (5)  the  temperature  of  plants  is  influ- 
enced by  the  evaporation  of  water  from  leaves. 

Solvent  action  of  soil  water. — The  mineral  constituents 

of  the  soil  are  somewhat  soluble  even  in  pure  water,  and 

still  more  so  in  water  which  contains  in  solution  carbon 

dioxide  and  oxygen,  as  in  case  of  rain  water  and  water  in 

'soils  rich  in  decomposing  organic  matter.    Different  com* 
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pounds  in  soils  vary  greatly  in  regard  to  the  ease  with 
which  they  dissolve  in  soil  water,  but  they  are  all  in  some 
degree  continuously  undergoing  gradual  solution  and 
changing  their  plant-food  constituents  from  unavailable 
to  available  forms. 

Action  of  water  as  a  carrier. — ^Water  carries  through 
the  plant  the  gaseous  food  constituents  taken  from  the 
air;  it  takes  the  dissolved  mineral  plant-food  into  the 
plant-roots  (p.  163)  and  through  the  plant  from  one  part 
to  another;  it  also  transfers  within  the  plant  the  various 
soluble  products  formed  by  the  plant,  carrying  them  from 
one  part  to  another  for  assimilation  (p.  166),  as  develop- 
ment requires,  much  as  the  blood  in  the  animal  body 
carries  to  every  tissue  and  organ  the  nutriment  needed. 

Water  as  a  source  of  plant-building  material. — Water 
is  a  direct  plant-food;  it  furnishes  materials  which  are 
used  in  large  amounts  in  building  plant  tissues.  It  is 
used  either  directly  as  water  or  it  is  decomposed  into  its 
two  constituents,  hydrogen  and  oxygen,  which  are  then 
used  to  form  new  compounds  (cellulose,  starch,  sugar, 
oils,  proteins,  etc.).  Hydrogen  makes  up  6  to  7  per  cent, 
of  the  dry  matter  of  plants,  and  this  all  comes  primarily 
from  water.  Oxygen  is  present  in  the  dry  matter  of 
plants  in  considerably  larger  proportions  than  hydrogen, 
and  practically  all  of  it  is  supplied  by  water.  If  we  con- 
sider plants  in  their  fresh  state,  the  proportion'  of  water 
contained  as  such  in  them  is  very  large,  much  larger  than 
all  other  constituents  together.  The  amount  of  unchanged 
water  in  a  fresh  crop  at  full  growth  averages  about  80 
per  cent,  of  the  weight  of  the  crop.  The  limits  of  water 
in  growing  plants  in  general  may  be  placed  between  60 
and  95  per  cent. 

Action  of  water  on  plant-cells. — Plant-cells  maintain 
the  conditions  of  highest  activity  only  when  well  dis- 
tended or  swollen;  this  condition  is  technically  called 
turgor  (p.  167).    Absence  of  a  sufficient  supply  of  mois- 
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ture  IS  indicated  by  wilting,  which  is  caused  by  the 
shrinking  of  the  cells,  due  to  lack  of  water.  The  swollen 
condition  of  plant-cells  gives  firmness  to  the  soft  parts  of 
plants,  enabling  small,  soft  stems  to  carry  branches, 
leaves,  flowers  and  fruit  of  considerable  weight.  The 
turgor  of  plant-cells  is  said  to  be  influenced  by  the 
presence  of  potassium  compounds. 

Large  amounts  of  water  required  for  plant  growth.— 
The  growth  of  crops  requires  large  amounts  of  water, 
(ist)  because  plants  average  about  80  per  cent,  of  water 
in  weight  and  (2d)  because  large  amounts  of  water  pass 
through  the  plant  and  evaporate  from  the  leaves  into  the 
air  (p.  168).  Most  of  the  water  that  enters  a  plant 
through  the  roots  is  finally  evaporated  as  water  vapor 
into  the  air  from  the  surface  of  leaves;  this  process  is 
known  as  transpiration.  The  amount  of  water  thus  trans- 
pired into  the  air  is  immensely  greater  than  that  retained 
in  the  plant.  Some  plants  exhale  their  own  weight  of 
water  during  24  hours  in  hot,  dry  weather.  The  amount 
of  moisture  transpired  varies  with  (i)  the  kind  of  crop, 
according  to  whether  it  has  a  large  or  small  leaf  surface ; 
(2)  the  character  of  the  climate;  (3)  size  of  crop;  (4) 
the  amount  of  moisture  supply  and  other  conditions.  For 
each  pound  of  dry  matter  in  a  mature  crop,  the  amount  of 
water  transpired  during  the  growing  season  may  vary 
from  200  to  900  pounds.  The  usual  variations  for  com- 
mon crops  are  between  300  and  500  pounds  in  the  north- 
ern portions  of  the  United  States.  Expressed  in  another 
way,  the  total  amount  of  water  transpired  during  growth 
by  an  average  crop  on  one  acre  of  land  varies  from  400 
to  1,000  tons,  which  is  equivalent  to  a  mass  of  water 
covering  the  ground  to  a  depth  of  3.5  to  9  inches.  Soils 
remaining  uncropped  are  found  to  contain  more  moisture 
than  when  cropped,  if  comparison  is  made  at  any  given 
time  during  the  season. 
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DISTRIBUTION  OF  WATER  IN  SOILS 

Water  exists  in  soils  in  three  different  conditions:  (i) 
Free,  (2)  capillary,  and  (3)  hygroscopic. 

Free  water  (known  also  under  the  names  of  gravita- 
tional, hydrostatic,  ground  and  bottom  water)  is  readily 
apparent  to  the  eye  and  touch.  It  saturates  the  soil,  fill- 
ing the  spaces  between  the  soil  particles.  It  is  evident 
in  surface  soil  after  rain,  when  it  can  be  easily  recognized 


By  gravity  water  goes  into  the  soil,  by  capillarity  it  drculates 
through  the  soil  and  upwards,  and  unless  prevented  by  a  mulch,  it 
goes  out  into  the  air  by  evaporation. 

by  sight  as  water.  It  moves  downward  into  the  subsoil 
under  the  influence  of  gravity,  until  it  reaches  a  fixed 
level,  where  the  pore-spaces  are  already  full  of  water. 
This  level  varies  greatly  in  different  locations;  in  some,  it 
may  be  many  feet;  in  others,  within  a  few  inches  of  the 
surface,  while  in  some  cases  it  is  at  the  surface.  This 
level  of  free  water  in  soils  is  usually  known -as  the  water- 
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table.  The  upper  surface  of  free  water  can  be  ascertained 
by  digging  a  hole  in  the  ground  until  water  stands  in  it. 
The  water-table  is  the  level  at  which  water  stands  in  wells. 
This  free  water  is  the  source  of  springs  and  ordinary 
wells.  In  swamps  and  standing  bodies  of  water,  the 
water-table  is  at  the  surface  of  the  ground  or  above  it. 


Free  or  ground  water  is  of  use  to  plants  when  it  is 
below  the  layer  of  root  growth,  but  near  enough  to  the 
surface  to  be  pumped  up  by  capillary  attraction  to  the 
upper  layers  of  soil.  When  so  near  the  surface  as  to 
saturate  any  portion  of  the  soil  penetrated  by  roots  of 
crops  it  may  be  regarded  as  unavailable,  injuriously  affect- 
ing growth  in  case  of  most  crops,  because  (i)  it  shuts 
off  needed  supply  of  air;  (2)  it  makes  the  soil  cold;  (3) 
it  prevents  formation  of  nitrate  nitrogen  (p.  211),  while 
favoring  decomposition  and  loss  of  any  nitrate  present; 
{4)  it  promotes  the  formation  of  compounds  poisonous  to 
plants;  (5)  it  retards  decomposition  of  organic  matter 
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and  produces  other  conditions  unfavorable  to  crop 
growth.  In  such  cases,  the  water-level  must  be  lowered 
by  a  proper  system  of  drainage  (p.  156).  Some  plants, 
however,  grow  naturally  when  their  roots  are  under 
water,  among  which  are  cranberries,  rice,  taro  (Cnladium 
esculentum)  and  swamp  vegetation. 

Capillary  water  surrounds  soil  particles  in  the  form  of 
a  thin  film.  This  furnishes  the  principal  source  of  avail- 
able water  supply  for  crops ;  it  is  the  most  effective  form 
for  dissolving  and  holding  plant-food.  The  capillary 
form  of  water  moves  from  moist  portions  of  soils  into 
those  less  moist.  The  usual  tendency,  therefore,  under 
ordinary  conditions  is  for  capillary  water  to  move  from 
lower  to  upper  layers  of  soil.  The  distance  that  capillary 
water  can  move  depends  upon  the  arrangement  of  the 
soil  particles  and  the  resulting  air-space,  but  is  usually 
limhed  to  a  few  feet.  The  stirring  of  soils  of  close  struc- 
ture, like  clays  for  example,  usually  increases  the  air- 
space, the  extent  to  which  capillary  water  can  move,  and 
the  water-holding  power  of  the  soil.  In  coarse,  sandy 
soils,  where  the  air-space  is  large,  stirring  has  an  oppo- 
site effect,  decreasing  the  extent  of  capillary  movement 
and  the  water-holding  power. 

The  amount  of  capillary  water  in  soils  depends  upon  (a) 
the  size  of  the  soil  particles,  (b)  the  structure,  and  (c)  the 
amount  of  partly  decomposed  organic  matter.  The  finer 
the  soil  particles,  the  larger  is  the  amount  of  capillary 
water.  Loose,  open  structure,  as  in  sands,  is  unfavorable 
to  water-holding  power ;  the  very  close  structure  of  clay 
soils  may  have  the  capacity  for  capillary  water  increased 
by  promoting  the  crumb-structure  (p.  loi)  to  a  certain 
extent.  The  effect  of  decomposed  organic  matter  in  soils 
upon  the  water-holding  power  has  been  discussed  already 

(p.  134). 
Hygroscopic  water  is  that  held  mechanically  by  soil 

particles  and    is  not  moved    by  capillary  attraction  or 
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gravity;  it  is  the  moisture  remaining  on  soil  particles 
when  soil  is  dried  in  air.  It  forms  the  smallest  proportion 
of  the  three  forms  of  soil  water.  Plants  do  not  appear  to 
be  able  to  make  any  use  of  hygroscopic  water. 

LOSS  OF  SOIL  WATER 

Water  is  lost  to  soils  (i)  by  percolation,  (2)  by 
evaporation,  and  (3)  by  growing  plants. 

Percolation. — When  a  soil  is  saturated  with  water,  that 
is,  when  all  the  spaces  between  the  soil  particles  are  com- 
pletely filled,  the  water  tends  to  go  down  under  the 
attraction  of  gravity  and  continues  until  it  reaches  the 
water-table.  This  downward  movement  of  free  water 
through  the  pores  of  the  soil  is  known  as  percolation. 
Its  amount  depends  upon  several  conditions,  among 
which  are  (a)  texture  and  structure  of  soil,  (b)  amount 
of  rainfall,  and  (c)  the  presence  or  absence  of  growing 
plants  on  the  surface.  In  soils  of  fine  texture,  such  as 
clay,  percolation  is  slower ;  in  soils  of  coarse  texture,  like 
sand,  the  downward  movement  of  water  is  more  rapid. 
The  larger  the  size  of  the  spaces  between  the  soil  parti- 
cles, the  more  rapid  will  percolation  be.  Soils  covered 
with  growing  plants  retain  more  water  in  the  upper  layer 
than  bare  soils.  The  amount  of  percolation  is  greater  in 
case  of  heavy  rainfalls  than  in  light.  Where  rainfall  is 
fairly  abundant,  loss  of  water  by  percolation  may  amount 
to  one-half  of  the  rainfall. 

Evaporation. — A  large  amount  of  water  is  lost  to  soils 
by  direct  evaporation  from  the  surface  of  the  soil.  The 
amount  of  water  lost  by  evaporation  is  influenced  by  (a) 
temperature,  (b)  humidity,  (c)  winds,  etc.  A  combina- 
tion of  dry  air,  high  temperature  and  strong  winds  affords 
the  most  favorable  conditions  for  surface  evaporation. 
Loose,  open  soils  lose  water  by  evaporation  to  a  greater 
extent  than  soils  of  close  structure. 
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Transpiration. — ^The  amount  of  water  transpired  by- 
plants  has  been  noticed  (p.  147) ;  this  loss  is  essentially 
evaporation  from  the  surface  of  the  portion  of  plants 
above  the  soil,  more  particularly  the  leaves.  Little  can 
be  done  by  soil  treatment  to  influence  this  loss.  When 
the  amount  of  water  transpired  is  greater  than  that  sup- 
plied by  the  soil,  plants  wilt. 

•  Water-holding  power  of  soils. — Soils  vary  greatly  in 
their  capacity  for  holding  water,  depending  upon  various 
conditions,  among  which  are  (i)  the  general  character 
of  the  soil  and  subsoil,  (2)  the  amount  of  humus.  Fine- 
textured  soils  or  subsoils  like  clay  take  up  water  slowly 
and  hold  it  very  tenaciously,  while  coarse-textured  soils 
like  sand  admit  water  freely  and  let  go  of  it  easily.  Soils 
that  are  compact  receive  and  hold  water  less  satisfactorily 
than  soils  that  possess  a  crumb-like  structure. 

CONTROL  OF  SOIL  MOISTURE 

In  the  growing  of  crops,  one  of  the  most  important 
operations  is  so  to  control  soil  moisture  that  crops  will 
be  sufficiently  supplied  with  water  as  they  need  it.  This 
object  can  be  accomplished  within  certain  limits,  depend- 
ing upon  the  special  conditions  existing,  such  as  the 
amount  of  rainfall,  the  character  of  the  soil,  and  the  kind 
of  crop.  Control  of  soil  moisture  is  brought  about  by 
decreasing  the  amount  of  water  lost,  by  increasing  the 
water-holding  power  of  soils,  by  removing  superfluous 
soil  water,  and  by  direct  addition  of  water.  Among  the 
various  methods  more  commonly  employed  in  accom- 
plishing these  objects  are  the  following:  (i)  Tillage,  (2) 
mulching,  (3)  organic  matter,  (4)  fertilizers,  (s)  drain- 
^S^*  (6)  irrigation.  Our  treatment  of  these  methods 
must  necessarily  be  in  the  nature  of  a  summary.  In  the 
application  of  any  of  these  methods,  farmers  must  be 
guided  by  the  special  conditions  existing  in  each  case. 
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such  as  local  conditions  of  soil,  climate,  season,  crop, 
and  general  character  or  system  of  farming. 

Tillage. — Under  this  general  term  are  included  the 
various  operations  of  handling  or  manipulating  the  soil 
that  are  requisite  for  crop  production,  such  as  plowing, 
harrowing,  rolling,  cultivating,  hoeing,  etc.,  for  the  per- 
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formance  of  which  many  useful  implements  have  been 
devised. 

(i)  Plowing. — Only  depth  and  time  need  be  considered 
here.  In  general,  depth  of  plowing  is  regulated  (a)  by 
season,  (b)  by  character  of  soil,  (c)  by  length  of  time 
soil  has  been  cropped  and  (d)  by  kind  of  crop.  As  a  rule, 
clay  soils  should  be  plowed  deeper  than  sandy  soils.    The 
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longer  a  soil  has  been  cropped,  the  deeper  should  be  the 
plowing.  Fall  plowing  is  usually  deeper  than  spring 
plowing.  Deep  plowing  is  attended  with  more  effective 
results  in  soils  well  supplied  with  organic  matter,  espe- 
cially in  case  of  light,  sandy  soils,  which  should  not  be 
plowed  deep  unless  so  supplied.  One  advantage  of  late 
fall  plowing,  especially  in  regions  where  fall  and  winter 
rainfall  is  not  abundant,  is  the  saving  of  moisture  by  pre- 


venting loss  through  evaporation  and  by  enabling  the 
soil  to  take  in  more  water  from  winter  rain  and  snow. 
Early  spring  plowing,  accompanied  by  cultivation,  is  very 
effective  in  holding  soil  moisture.  The  amount  of  mois- 
ture in  a  soil,  especially  in  heavier  soils,  must  be  consid- 
ered in  connection  with  plowing.  If  plowed  when  too 
moist,  such  soils  become  puddled  (p.  96),  and  when  they 
dry,  are  in  a  hard,  lumpy  state;  this  condition  injures 
the  water-holding  power  of  the  soil. 
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(2)  Harrowing  and  rolling, — These  operations  carry 
further  and  complete  the  pulverizing  effect  of  the  plow; 
rolling,  in  addition,  compacts  the  surface,  retarding  perco- 
lation, though  increasing  evaporation. 

(3)  Cultivation. — The  operations  included  under  this 
head  affect  moisture  conditions,  especially  by  furnishing 
the  surface  with  an  earth  mulch  which  is  simply  an  air- 
dry  layer  of  natural  soil.  This  loose,  superficial  layer  of 
earth,  sometimes  called  "dust-mulch"  or  "dust-blanket," 
enables  the  soil  to  absorb  water  more  quickly  and  also  to 
hold  it  more  firmly.  It  is  of  special  value  in  preventing 
excessive  evaporation.  When  water  evaporates  from  the 
surface  of  the  soil,  there  is  a  movement  of  water  upward 
from  the  subsoil  to  take  the  place  of  that  evaporated,  so 
long  as  soil  particles  lie  close  enough  to  permit  capillary 
movement.  By  stirring  surface  soil,  close  contact  of 
soil  particles  is  disturbed  in  this  thin  layer  and  the  water 
no  longer  passes  so  easily  from  the  surface.  In  case  of 
soils  that  crack  on  drying,  the  mulch  fills  these  openings 
and  prevents  evaporation  from  them.  The  dry-earth 
mulch  should  be  2  or  3  inches  thick.  Clay  mulches  should 
usually  be  thicker  than  those  of  sand.  Rain,  if  at  all 
heavy,  destroys  the  effectiveness  of  the  earth  mulch, 
which  must  be  renewed  by  stirring  the  surface  soil  as 
soon  as  it  is  dry  enough  to  work  properly.  On  heavy 
clay  soil  in  good  tilth,  even  misty,  foggy  weather  in 
excess  may  destroy  the  mulch  to  such  an  extent  as  to 
require  renewal  by  shallow  cultivation.  Even  in  dry 
weather,  a  dust-mulch  may  become  gradually  compact 
and  require  fresh  stirring.  Generally,  renewal  of  dust- 
mulches  is  required  more  frequently  during  spring,  when 
rains  are  more  common,  than  later.  The  dry-earth  mulch 
is  more  easily  managed  on  sandy  soils  than  on  clay  soils. 
It  should  be  kept  in  mind  that  the  effectiveness  of  the 
earth-mulch  depends  on  its  fineness  and  dryness. 

Mulching. — ^Any  material  put  on  the  surface  of  the  soil 
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to  prevent  evaporation  is  a  mulch.  Originally,  the  term 
applied  to  such  materials  as  straw,  leaves,  farm  manure, 
etc.,  but  its  present  use  is  much  wider,  including  these 
and  many  other  materials  and  especially  the  dry-earth 
mulches,  created  by  stirring  the  surface  of  the  soil,  as 
noticed  in  the  preceding  paragraph.  The  use  of  other 
materials  than  earth-mulches  depends  mainly  upon 
special  conditions  of  convenience  and  effectiveness.  Some 
successful  fruit-growers  employ  a  mulch  of  straw  or  other 
material  under  the  fruit-trees  in  place  of  tillage.  In 
greenhouses,  a  mulch  is  often  used  by  applying  coarse 
sand  or  fine  gravel  in  a  layer  2  or  3  inches  thick.  In 
some  special  cases,  crops  are  covered  with  canvas. 

Organic  matter.— The  value  of  decomposing  organic 
matter  in  soils  as  a  material  for  holding  moisture  has  been 
considered  (p.  134). 

Fertilizers. — Fertilizers  containing  soluble  compounds, 
such  as  sodium  nitrate,  potassium  chloride,  common 
salt,  etc.,  may  exert  a  beneficial  influence  upon  soil  mois- 
ture in  connection  with  crop  growing,  because  water  con- 
taining dissolved  salts  more  readily  attracts  the  subsoil 
water  to  the  surface  and  tends  to  keep  the  top  layer  more 
moist.  On  the  other  hand,  certain  solutions  like  extracts 
of  manure  or  organic  substances  containing  a  little  oil 
have  the  opposite  effect ;  under  such  conditions,  soils  lift 
less  water  from  the  subsoil,  and  dry  at  the  surface  more 
rapidly;  in  such  cases  shallow-rooted  crops  have  the 
appearance  of  being  burned,  owing  to  lack  of  moisture. 
This  is  noticeable  when  heavy  applications  of  fresh  farm 
manure  are  followed  by  dry,  hot  weather. 

Drainage  has  for  its  object  the  removal  of  free  water 
from  the  layer  of  soil  occupied  by  roots ;  the  removal  is 
effected  by  providing  open  passages  through  which  the 
water  may  pass.  Drainage  is  necessary  in  case  of  soils 
that  are  filled  with  standing  water  all  the  while,  such  as 
swamps,  and  also  in  case  of  soils  that  are  saturated  with 
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water  at  intermittent  periods.  Successful  growing  of  crops 
primarily  depends  in  large  measure  upon  good  drain- 
age. The  application  of  fertilizers  to  a  soil  needing  drain- 
age results  in  throwing  away  time  and  money.  The  sub- 
ject can  be  discussed  here  only  in  a  superficial  way.  Some 
special  treatise  on  drainage  must  be  consulted  by  anyone 
desiring  full  knowledge  of  the  details  of  applying  drain- 
age in  farm  practice.  The  most  that  we  can  attempt  to 
do  here  is  to  emphasize  the  importance  of  drainage  by 
pointing  out  briefly  some  of  the  beneficial  effects,  among 
which  are  the  following: 

(i)  Improvement  of  structure  of  soil. — ^In  wet  soils, 
there  is  generally  lacking  the  desirable  crumb  structure, 
particularly  in  case  of  clay  soils.  Drainage  promotes  the 
formation  of  the  granular  structure,  which  is  followed 
by  results  affecting  other  soil  conditions  favorable  to 
plant  growth,  such  as  ventilation,  warmth,  etc.  The  soil 
is  also  made  more  firm  by  drainage. 

(2)  Air  supply  increased. — This  results  through  removal 
of  water  from  the  pores  of  soils  and  also  from  increase  of 
pore-space  by  granulation  of  soil  particles. 

(3)  Temperature  favorably  affected. — Soils  have  a  higher 
average  temperature  after  drainage  than  before.  Well- 
drained  soils  become  warm  more  quickly  in  spring,  per- 
mitting earlier  seeding  and  they  remain  warm  later  in 
fall;  therefore,  the  effect  of  drainage  is  to  increase  the 
length  of  the  growing  season.  Wet  soils  are  late  and  their 
growing  season  is  apt  to  be  relatively  short.  The 
increased  warmth  promotes  both  chemical  changes  and 
activity  of  micro-organisms  in  soils. 

(4)  Growth  of  desirable  micro-organisms  favored. — ^The 
growth  of  micro-organisms  requiring  air  (p.  194)  is 
favored  by  drainage.  Among  these  are  the  organisms  that 
promote  the  decomposition  of  organic  matter  and  also 
those  that  produce  nitrate  nitrogen  (p.  208).  In  wet  soils 
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lacking  ventilation,  denitrification  is  apt  to  take  place 
(p.  210). 

(5)  Effect  upon  supply  of  food. — Drainage  promotes 
those  biochemical  changes  which  result  in  changing  una- 
vailable into  available  plant-food. 

(6)  Removal  of  injurious  compounds. — ^Drainage,  along 
with  heavy  irrigation,  is  found  to  be  the  most  reliable 
method  of  removing  from  alkali  soils  the  salts  accumu- 
lated in  such  large  amounts  as  to  be  injurious  to  plant 
growth. 

(7)  Increase  of  available  water  supply. — Drainage,  while 
removing  an  excess  of  water,  nevertheless  increases  the 
amount  of  water  that  plants  can  use,  especially  in  case  of 
fine-textured  soils.  Those  soils  that  are  saturated  only 
part  of  the  time  undergo  wide  variations  in  moisture, 
being  at  one  time  excessively  wet  and  at  another 
excessively  dry.  When  such  soils  are  drained,  crops  do 
not  suffer  from  deficient  supply  of  moisture  in  dry  spells, 
since  their  change  in  structure  resulting  from  drainage 
enables  them  to  retain  moisture  longer.  Although  the 
total  amount  of  water  in  a  soil  is  diminished  by  drainage, 
the  supply  available  for  plants  is  increased  for  the  grow- 
ing season,  as  a  whole. 

(8)  Effect  on  root  growth. — In  well-drained  soil,  roots 
grow^  deeper ;  this  results  in  their  coming  in  contact  with 
an  increased  area  of  soil,  which  enables  them  to  obtain 
more  mineral  food  and  moisture  and  therefore  to  with- 
stand drouth  for  a  longer  time. 

There  are  other  advantages  that  good  drainage  brings, 
but  those  mentioned  are  sufficient  to  show  its  extreme 
importance.  Stated  in  practical  terms,  good  drainage 
results  in  surer  and  larger  crops,  while  it  enables  one  to 
control  to  better  advantage  the  times  of  seeding  and  har- 
vesting as  well  as  all  the  operations  of  tillage. 

In  the  case  of  soils  that  do  not  grow  good  crops,  one  of 
the  first  inquiries  to  be  made  in  ascertaining  the  cause  is 
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ill  regard  to  the  matter  of  drainage.  On  a  badly  drained 
soil,  efforts  to  raise  crops  meet  with  poor  reward,  and, 
in  the  interests  of  profitable  crops,  this  condition  must  be 
made  right  before  one  can  expect  to  reap  the  reward  of 
tillage,  fertilizers,  etc. 

Irrigation  consists  in  the  direct  application  of  water  to 
soils.    It  finds  its  most  extensive  applications  necessarily 
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where  rainfall  is  less  than  10  to  20  mches  a  year.  How- 
ever, in  some  special  cases  where  crops  of  high  value  are 
concerned  or  where  some  special  market  conditions  pre- 
vail, irrigation  has  proved  profitable  when  the  annual 
rainfall  is  40  inches  or  more.  From  the  few  experiments 
which  have  been  made  it  is  doubtful  if  irrigation  will  find 
extensive  applications  outside  of  dry  climates,  except  in 
a  limited  way  under  some  special  conditions.  The  gen- 
eral subject  of  irrigation  is  one  which  cannot  be  treated 
satisfactorily  in  a  brief  way  and  the  reader  who  is  inter- 
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ested  in  the  subject  is  referred  to  special  works  treating 
it  exhaustively. 

The  relation  of  soil  moisture  to  special  crops. — The 
practical  importance  of  soil  moisture  is  shown  especially 
in  the  control  which  it  exerts  in  determining  locally  what 
crops  can  best  be  grown  on  a  soil.  Generally  speaking, 
the  amount  of  moisture  in  a  soil  often  affects  the  time  of 
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ripening,  the  yield,  and  in  some  cases,  the  quality  of  a 
crop.  For  example,  early  market-garden  crops  are  best 
grown  on  light  soils  holding  comparatively  small  amounts 
of  water;  while  later  crops  of  the  same  products  arc 
grown  on  loams  with  two  or  three  times  the  water-holding 
capacity.  In  such  cases,  earliness  is  at  the  expense  of 
yield,  the  later  crops  producing  more  heavily.  In  respect 
to  influence  on  quality,  it  is  well  known  that  potatoes 
grown  on  lighter  soils  are,  in  general,  superior  in  cooking 
quality  to  those  grown  on  heavier  soils. 


CHAPTER  X 
HOW  PLANTS  TAKE  AND  USE  THEIR  FOOD 

In  order  to  understand  more  clearly  the  direct  relation 
to  plant  growth  of  plant-food  materials,  both  those  sup- 
plied naturally  and  those  supplied  artificially,  it  is  desir- 
able to  know  something  of  the  way  in  which  plants  take 
and  make  use  of  these^materials. 

We  have  already  seen  (p.  i6)  that  plants  obtain  their 
food  from  two  sources,  air  and  soil.  Two  sets  of  plant 
organs,  leaves  and  roots,  are  made  use  of  in  taking  food 
from  these  different  sources.  Briefly  stated,  plant-food 
constituents  taken  from  air  and  soil  are  conveyed  through 
the  plant  to  the  cells,  where  they  are  separated  and  recom- 
bined  into  new  forms  adapted  to  the  use  of  the  plant. 
Certain  natural  forces  are  at  work  which  enable  a  plant 
not  only  to  absorb  the  air  and  the  soil  solution  but  to 
select  from  the  constituents  contained  in  these  the  par- 
ticular chemical  elements  needed  for  plant  use  and  in 
the  proportions  needed.  We  will  now  study  in  more 
detail  how  the  plant  obtains  and  uses  its  food  supplies, 
considering  the  subject  under  the  following  divisions: 
(i)  Plant-cells  as  manufactories,  (2)  how  plants  ob- 
tain and  use  carbon,  (3)  relation  of  roots  to  food  supply, 
(4)  absorption  of  soil  solution,  (5)  turgor  of  plant-cells, 
(6)  selective  power  of  plants,  (7)  forms  of  food  constit- 
uents used,  (8)  feeding-power  of  crops. 

Plant-cells  as  manufactories. — ^The  ability  of  a  living 
plant  to  make  use  of  food  materials  and  to  develop 
through  various  stages  of  growth  from  seed  to  maturity 
depends  upon  the  work  performed  in  the  millions  of  the 
small  individual  cells  of  which  plants  are  made  up.  We 
may  regard  an  ordinary  living  plant  as  a  chemical  labora- 


l62  FERTILIZERS  AND   CROPS 

tory  or  factory,  containing  immense  numbers  of  small 
rooms,  which  we  call  plant-cells,  each  of  which  contains 
everything  essential  for  its  work  of  production,  and  in 
which  there  is  at  one  time  or  another  intense  industrial 
activity.  While  plant-cells  vary  in  size,  shape  and  other 
details,  it  will  answer  our  purpose  to  describe  certain  gen- 
eral properties  of  fundamental  importance  belonging  to 
living  cells  in  common.  We  can  think  of  a  plant-cell  as 
a  very  small,  bladder-like  sac,  consisting  essentially  of  two 
parts,  the  covering  and  the  cell  contents.  The  important 
thing  to  know  in  this  connection  about  the  cell-covering 
or  wall  is  that,  in  the  young,  growing  portions  of  plants, 
it  is  a  thin,  firm,  strong  and  elastic  membrane,  through 
which  water,  gases  and  dilute  solutions,  but  no  solid 
particles,  however  small,  can  pass.  Each  active  plant-cell 
is  filled  with  a  semi-liquid  substance,  known  as  proto- 
plasm, which  is  a  very  complex  mixture  of  many  diflfer- 
ent  compounds,  such  as  water,  nitrogen,  carbohydrate 
and  other  organic  compounds,  together  with  mineral 
compounds  in  solution.  Protoplasm  is  the  living  part  of 
plant-cells;  it  is  this  which  makes  life  processes  possible. 
It  is  this  substance  in  which  and  through  which  chemical 
changes  take  place  in  cells,  resulting  in  the  processes  of 
assimilation,  the  breaking  down  of  one  set  of  compounds 
to  form  new  ones.  In  the  presence  of,  and  from  the  sub- 
stance of,  protoplasmic  material  are  formed  all  the  differ- 
ent compounds  found  in  plants,  such,  for  example,  as 
sugar,  starch,  cellulose,  proteins,  oils,  acids,  poisons, 
flavoring  compounds,  etc. 

In  what  manner  the  cells  obtain  the  food  materials 
from  air  and  soil  to  make  use  of  in  their  work  of  con- 
structing new  compounds  we  shall  now  endeavor  to  make 
clear. 

How  plants  obtain  and  use  carbon. — As  previously 
stated  (p.  85),  nearly  one-half  of  the  dry  matter  of 
plants  consists  of  carbon,  and  this  all  comes  from  the  car- 
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bon  dioxide  present  in  the  air.  The  air  is  inhaled  by  the 
plant  through  special  small  openings  or  breathing-pores 
distributed  thickly  over  the  under  surface  of  leaves.  The 
air  with  its  carbon  dioxide  passes  into  these  openings  and 
then  through  the  plant  into  the  spaces  surrounding  the 
plant-cells,  which  absorb  the  gas  as  it  is  needed;  inside 
the  plant-cell  the  carbon  is  separated  from  the  oxygen 
and  made  to  combine  with  other  elements  to  form  new 
compounds,  while  the  separated  oxygen  passes  back  for 
the  most  part  into  the  air.  The  ability  of  the  cell- 
protoplasm  to  utilize  the  carbon  of  carbon  dioxide 
depends  mainly  upon  two  factors,  chlorophyl  and  sunlight. 
Chlorophyl  is  the  rvtnie  of  the  green  coloring-matter  in 
plants  characteristic  of  leaves.  It  is  contained  most 
abundantly  in  the  cells  of  leaves  mixed  as  small  green 
particles  with  the  protoplasm.  This  green  substance  has 
the  power  to  absorb  sunlight,  and  through  the  energy 
thus  obtained  and  with  the  aid  of  protoplasm,  the  carbon 
dioxide  is  decomposed  into  its  constituent  elements,  oxy- 
gen and  carbon ;  the  free  carbon  then  unites  with  other 
elements  to  form  new  compounds,  which  appear  in  the 
cell  first  as  a  carbohydrate,  probably  starch.  This 
process  of  using  carbon  to  form  new  compounds  is 
known  as  assimilation  or  fixation  of  carbon.  This  action 
does  not  take  place  in  the  absence  of  sunlight,  as  shown 
by  the  white  color  of  plants  grown  in  the  dark.  The 
rapidity  of  fixation  of  carbon  depends  upon  the  intensity 
of  sunlight,  temperature,  supply  of  water,  the  amount 
of  carbon  dioxide  in  the  air,  the  number  of  breathing- 
pores  in  the  leaves  and  the  supply  of  other  kinds  of 
plant- food  (nitrogen,  phosphorus,  potassium,  etc.).  As 
previously  stated  (p.  81),  the  presence  of  a  small 
amount  of  some  soluble  iron  compound  is  necessary  for 
the  formation  of  chlorophyl. 

Relation  of  roots  to  food  supply. — The  plant-food  con- 
stituents contained  in  the  soil  T  water,  nitrate  nitrogen, 
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compounds  of  potassium,  phosphorus,  calcium,  iron,  mag- 
nesium, etc.)    enter  plants  through  the   roots.     Plants 
can  use  these  constituents  only  in  the  form  of  solution 
because  solid  particles,  however  small,  are  unable  to  pass 
through  the  thin  walls  of  plant-cells.    The  soil  water  dis- 
solves some  of  the  plant-food   material  with  which   it 
comes  in  contact  and  this  nutrient  solution  passes  into  the 
roots,  not  through  all  portions  of  the  root  surfaces,  but 
through  the  root-hairs,  which  deserve  special  notice.     If 
a  growing  plant  is  carefully  removed  from  the  soil  so  as 
to  disturb  its  roots  as  little  as  possible,  slender,  white, 
hair-like    branches    are    found 
very    neap    the    tips    of    the 
smallest   rootlets   that   branch 
out     from     the     larger     roots 
and  penetrate  the    soil    in    all 
directions.      These    root-hairs 
are    so    numerous    that    over 
thirty  thousand  may  in  some 
cases  be  found  on  one  square 
Cross-section     of    root      inch    of    root    surface.      They 
magnified.      p,     layers     of  ,.  , 

soft,  thin-walled  cells;  e,  ^''^  often  SO  numerous  and 
cells  forming  outer  covering  fine  as  tO  have  a  fuzz-llke 
of  root  or  epidermis  layer;  appearance.  It  has  been  esti- 
A  A,  root-hairs.  '^''     .    ,,    ^    ,.  , 

mated  that  the  area  of  root 
surface  is  commonly  increased  five  to  twelve,  and  in 
extreme  cases  over  fifty,  times  by  the  growth  of  root- 
hairs.  In  a  soil  well  supplied  with  water  and  other 
available  plant-food,  the  number  of  root-hairs  is  very 
much  larger  than  in  the  case  of  soils  lacking  in  moisture 
and  other  nutrients.  The  feeding-power  of  a  plant  is 
therefore,  greater  in  rich,  well-watered  soils  than  in  dry, 
poor  soils. 

Each  root-hair  is  a  long,  single-celled  tube,  the  walls 
of  which  are  so  exceedingly  thin  and  delicate  as  to  allow 
water  or  solutions  to  pass  through,  but  not  solid  particles. 
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The  tip  of  each  rootlet  is  constantly  pushing^  through  the 
soil  in  search  of  food,  and  new  hairs  are  continually  being 
formed  just  back  of  the  growing  tip,  the  old  ones  ceasing 
their  activity  and  dis- 
appearing as  the  result 
of  death  and   decay. 

Another  fact  of  in- 
terest and  importance 
is  the  intimate  way  in 
which  these  little  hairs 
get  around  among  the 
fine  soil  particles.  They 
not  only  grow  between 
the  soil  particles  but 
actually    apply     them- 
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HOW  PLANT-FOOD  GETS  INTO 
THE  SOIL 

Carbon   is   taken    in   through    the 
slomata,  or  mouths,  on  the  underside 

of  the  leaf.  All  the  mineral  elements. 
including  the  nitrates,  are  in  solution 
in  the  waier  and  pass  in  this  way  into 
the  plant  through  the  root-hairs  near 
the  tip  end  of  the  growing  root. 
Later  most  of  this  same  water  passes 
out  of  the  leaves  as  vapor. 


selves  most  closely  to  them,  frequently  almost  inclosing 
the  particle.  In  this  way  the  cell-wall  of  the  root-hair  is 
brought  into  closest  possible  contact  with  the  thin  film 
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of  water  surrounding  the  soil  particles,  absorbing  the 
moisture  and  also  any  compounds  it  carries  in  solution. 
It  has  long  been  a  disputed  question  as  to  what  extent 
and  in  what  manner  the  acid  solution  in  the  root-hairs 
helps  to  dissolve  some  portion  of  the  soil  particles 
directly;  there  is  good  reason  to  believe  that  the  sap 
within  the  root-hairs  has  some  such  direct  dissolving 
action  on  soil  particles.  The  weight  of  evidence  at 
present  appears  to  indicate  that  the  chief  dissolving  agent 
excreted  by  root-hairs  is  carbon  dioxide,  though  it  is 
easily  conceivable  that  the  acid  salts  and  free  organic 
acids  in  plant  juices  may  be  passed  out  through  the  cell- 
wall  around  the  soil  particles  and  take  part  in  the  dissolv- 
ing action. 

The  nutrient  soil  solution,  after  being  taken  into  the 
root-hairs,  is  passed  on  into  the  roots  and  carried  through 
other  sets  of  cells  up  into  the  leaves,  where  its  constitu- 
ents are  utilized  in 'various  manufacturing  operations. 
The  process  by  which  the  soil  solution  passes  into  the 
root-hairs  and  is  transferred  from  the  roots  to  the  manu- 
facturing parts  of  the  plant  is  one  of  practical  interest, 
and  to  this  we  will  now  give  attention. 

Absorption  of  soil  solution.— The  movement  of  gases, 
of  pure  water,  or  of  water  containing  dissolved  sub- 
stances, through  a  membrane,  is  known  by  the  special 
name  of  osmosis.  It  applies  to  the  process  by  which  soil 
water  passes  into  root-hairs;  it  applies  also  to  the 
movement  of  gases  and  solutions  within  the  plant  into 
and  out  of  the  various  cells.  There  is  one  main  condition 
which  determines  whether  water,  or  a  compound  dis- 
solved in  water,  will  pass  through  the  covering  mem- 
brane into  a  cell  or  out  of  it,  and  that  is  the  relative  con- 
centration of  the  solution  in  the  cell  and  the  solution 
outside.  Under  ordinary  conditions,  the  solution  or  cell-sap 
in  the  root-hairs  is  more  concentrated  than  the  soil  solu- 
Mon :  that  is,  it  contains  a  smaller  proportion  of  water  to 
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the  substances  dissolved  in  it;  water  then  passes 
from  the  soil  into  the  root-hairs.  The  solution  passes, 
by  the  same  process  of  osmosis,  from  root-hairs  into  other 
cells  in  the  roots  and  from  these  into  still  other  sets  of 
cells,  until  finally  it  reaches  the  leaves  which  are  all  the 
while  using  for  their  manufacturing  operations  those 
materials  in  the  cell-sap  that  are  needed  for  making  plant 
tissues  and  other  products.  The  water  not  used  or  needed 
is  passed  from  the  leaves  into  the  air  by  transpiration 
(p.  152).  This  evaporation  of  water  from  leaves  makes 
the  cell-sap  more  concentrated  in  the  upper  portion  of  the 
plant;  the  movement  of  water  will  therefore  be  upward  to 
replace  the  water  lost.  If  at  any  time  the  soil  solution 
is  more  concentrated  than  the  cell-sap,  then  water  passes 
from  the  root-hairs  into  the  surrounding  soil  water. 

In  this  connection,  it  is  a  fact  of  practical  importance 
to  know  that  when  the  solid  matter  in  a  soil  solution  is 
greater  than  i  part  in  500  parts  of  water  (for  example, 
I  pound  in  60  gallons  of  water),  the  solution  is  approach- 
ing a  concentration  beyond  which  it  may  cause  many 
plants  to  suffer.  This  is  shown  when  leaves  turn  yellow 
on  the  edges,  become  spotted  and  drop  off,  or  growth  is 
checked,  shortened  and  dwarfed,  and  leaves  often  be- 
come puckered  and  twisted.  The  roots  and  root-hairs 
are  also  shortened  and  deformed. 

Turgor  of  plant-cells. — We  have  already  referred  to  the 
swollen  condition  of  plant-cells,  known  as  turgor,  which 
enables  the  cells  and  organs  of  plants  to  maintain  their 
shape  and  keep  in  condition  for  performing  their  work. 
The  turgor  of  plant-cells  is  intimately  connected  with  the 
process  of  osmosis.  The  passage  of  water  by  osmosis 
into  cells  causes  them  to  fill  up  to  such  a  degree  as 
to  produce  pressure  from  within  on  the  cell-wall  and  to 
cause  a  more  or  less  rigid,  swollen  condition.  This  con- 
dition is  maintained  by  continued  absorption  of  water, 
which  takes  place  so  long  as  the  cell-sap  is  more  conceti'- 
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trated  than  the  solution  outside  the  cells.    When,  on  the 
other  hand,  soil  water  is  more  concentrated  than  cell-sap 
water  leaves  the  plant-cells,  passing  into  the  soil,  the 
plant-cells  lose  their  fullness,  the  tissues  wilt  or  become 
limp,  if  the  withdrawal  of  water  is  carried  too  far,  and 
the  plant  may  die.    We  have 
practical  illustrations  of  loss 
of  turgor  in  plant-cells  when 
a    strong   solution    of  nitrate 
of  soda,  for   example,   comes 
in  contact  with  a  green  leaf; 
water  passes  by  osmosis  from 
the  cells  to  the  stronger  solu- 
tion outside  to  such    an    ex- 
tent as  to  cause   the   leaf   to 
wilt  and   present  a  scorched 
or     burned     appearance.      A 
similar     result     takes     place 
when    a    concentrated    ferti- 
lizer,   rich    in    salts   such    as 
sodium     nitrate,     ammonium 
sulphate,  potassium  chloride, 
sulphate,   etc.,    is   applied    in 
too  large  amounts  to  a  soil; 
Root-hairs  on   wheat  when   Under  these  conditions,  more 
very   young    and    four    weeks   water  leaves  the    plant    than 
later.     All  the  water  and  food         .  j    ,!_         i      ^       -w 

from   the  soil   enler  the   plant    ^"^'^''^   ^"'^   ^^^   P'^nt   Wilts, 
through  ihe  root-hairs.     Note        In  hot,  dry  weather,  when 
how  closely  the  root-hairs  ad-  there  is  insufficient  water  in 
here     to     the     sou     particles.    ,,  .,  ,  .        ,  , 

(After  Sachs)  t"^  soil  to  supply    the    place 

of  that  evaporated  from  the 
leaves,  plant-cells  lose  their  turgor  and  the  leaves  show 
more  or  less  appearance  of  wilting;  in  such  cases,  the 
wilting  acts  as  a  protection  in  preventing  more  water 
from  going  off  too  rapidly,  since  the  openings  in  the 
leaves,   or   breathing-pores,    through    which    the   wafer 


much  larger  amounts  than 
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passes  into  the  air,  become  much  smaller  through  loss  of 
turgor  in  the  cells  around  the  openings. 

Selective  power  of  plants. — It  is  well  known  that  plants 
use  some  soil  constituents 
others,  and  it  is  a  mat- 
ter of  practical  interest 
to  consider  briefly  how 
a  plant  obtains  its  food 
supplies  in  the  propor- 
tions needed.  The  soil 
solution  contains  vari- 
ous constituents,  some 
of  which  nourish  plants 
and  some  of  which  do 
not.  Through  the  proc- 
ess of  osmosis,  plants 
exercise  a  certain  kind 
of  power  of  selection, 
distinguishing  between 
nutritive  and  non-nutri- 
tive constituents,  and 
between  those  used  in 
smaller  and  those  used 
in  larger  amounts.  The 
amount  of  each  constit- 
uent present  in  the  soil 
solution  that  is  taken 
into  a  plant  is  deter- 
mined primarily  by  the 
amount  of  each  con- 
stituent used  by  the 
plant  in  its  manufacturing  work;  the  process  of  osmosis 
automatically  acts  to  keep  up  the  supply.  When  a  plant- 
food  constituent  is  taken  from  its  solution  within  the 
plant-cell  and  built  by  the  protoplasm  into  some  new 
form,  then  a  new  supply  of  that  particular  constituent 
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passes  into  the  cell  from  the  solution  outside  as  soon  as 
the  amount  of  that  constituent  in  the  solution  within  the 
cell  becomes  less  than  in  the  solution  outside  of  the  cell. 
For  example,  taking  a  single  food  element  like  potassium, 
whatever  amount  is  present  in  the  cell-sap  is  sooner  or 
later  taken  from  the  solution  by  the  protoplasm  in  the 
cell  for  use  in  the  work  of  plant  building,  leaving  the 
solution  within  the  cell  containing  less  potassium  than 
the  solution  outside ;  then  there  will  be  a  fresh  inflow  of 
potassium  until  the  proportion  of  potassium  is  the  same 
in  the  solution  within  and  without  the  cell.  Should  the 
potassium  be  used  as  fast  as  it  is  absorbed,  then  absorp- 
tion continues  rapidly  enough  to  maintain  the  supply.  In 
the  case  of  a  constituent  like  sodium,  of  which  plants  use 
only  small  amounts  at  most,  new  supplies  are  not  called 
for  within  the  manufacturing  cell  to  any  appreciable 
extent,  and  therefore  the  cell-sap  holds  all  it  can  and  no 
more  is  admitted  to  the  plant  from  the  soil.  In  the  case 
of  potassium  and  sodium,  the  soil  solution  usually  con- 
tains more  sodium  than  potassium  salts,  but  in  spite  of 
this  we  find  more  potassium  in  the  plant.  Therefore,  the 
amounts  of  diflFerent  plant-food  constituents  that  come 
into  roots  through  the  root-hairs  are  regulated  not  merely 
by  the  amounts  present  in  the  soil  solution  but  more 
largely  by  the  amount  of  each  constituent  removed  from 
solution  within  the  plant-cells  for  use  in  manufacturing 
operations.  This  power  of  taking  from  soil  solution  any 
plant-food  constituent  or  constituents  needed  is  known  as 
the  selective  power  of  the  plant.  This  selective  power 
exists  within  the  living  cells  themselves.  All  materials 
dissolved  in  soil  water  pass  by  osmosis  through  the  walls 
of  the  root-hairs  into  the  plant,  but  they  will  not  continue 
to  enter  unless  they  are  made  use  of  by  the  protoplasm 
and  removed  from  solution. 

Forms  of  constituents  used. — We  ordinarily  think  of 
compounds  in  soil  solutions  being  absorbed  by  plants  in 
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the  exact  form  in  which  they  exist  in  the  soil  solution. 
For  example,  we  usually  suppose  that  the  sodium  nitrate 
in  a  soil  solution  passes  as  such  into  the  plant,  but  it  does 
not  necessarily.  When  a  plant  is  grown  in  a  water  solu- 
tion and  sodium  nitrate  (NaNO.s)  is  supplied,  the  com- 
pound is  split  into  sodium  (Na)  and  nitrate  radical  (NO3)  ; 
the  nitrate  is  used  by  the  protoplasm,  while  the  sodium 
is  rejected,  which,  combining  with  any  carbon  dioxide 


HOOTS  OF  SOFT  MAPLE  AS  THEY  GREW  IN  THE  SOIL  OF  A 
TILLED  FIELD.      KANSAS  STATION 

present,  appears  as  sodium  carbonate  in  the  solution  out- 
side the  plant.  As  a  result,  the  surrounding  solution  soon 
becomes  alkaline.  In  other  cases,  as  with  potassium 
chloride  (KC1)  or  sulphate  (KaSO,),  the  plant  uses  the 
potassium  and  rejects  for  the  most  part  the  acid  portion 
(CI  or  SO4),  the  presence  of  which  results  in  making 
the  surrounding  solution  acid.    We  are  to  regard  each 
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individual  element  or  radical  in  the  soil  solution  as  being 
taken  up  and  used  independently  by  plants ;  the  supply  of 
each  by  itself  comes  in  accordance  with  the  demand  made 
on  each  for  manufacturing  operations.  Each  element  or 
base  or  acid  is  used  and  supplied  more  or  less  inde- 
pendently of  the  others. 

Feeding-power  of  crops, — ^We  are  in  the  habit  of  speak- 
ing of  some  crops  as  "weak-feeding"  and  others  as 
"strong-feeding."  In  these  expressions  we  recognize  the 
fact  that  some  crops  obtain  abundant  supplies  of  plant- 
food  from  soils  on  which  other  crops  suffer  for  lack  of 
food.  For  example,  corn,  oats  and  cabbage  often  grow 
well  on  soils  where  onion  or  wheat  crops  give  poor  yields. 
Stated  in  the  briefest  way,  the  feeding-power  of  a  crop 
depends  on  its  ability  to  absorb  plant-food  from  the  soil ; 
and  this  depends  upon  several  factors,  chief  among  which 
are  the  extent  or  area  of  the  root-hairs  and  the  activity 
of  the  plant's  chemical  processes.  Plants  which  have 
large  root  systems  and  a  proportionately  large  number 
of  root-hairs  are  in  condition  to  absorb  more  plant-food 
than  plants  which  have  .small  root  systems.  The  rapidity 
with  which  plants  use  their  food  in  making  new  growth 
and  in  elaborating  various  compounds  affects  their  feed- 
ing power.  The  larger  the  amount  of  constituents  used 
in  the  plant,  the  larger  must  be  the  amount  absorbed.  A 
crop  in  its  most  rapid  stage  of  growth  absorbs  more 
plant-food  material  than  at  other  times.  The  chemical 
action  of  root-hairs  in  dissolving  soil  particles  also 
influences  the  amount  of  plant-food  absorbed.  This 
action  may  account  for  differences  observed  in  the  case 
of  different  plants  in  relation  to  the  greater  readiness  with 
which  they  use  certain  forms  of  plant-food. 

Effects  of  plant-food  distribution  on  root  growth.— 
Roots  in  growing  are  attracted  in  the  direction  of  the 
most  available  food  supply.  Experiments  made  in  a  poor 
soil  in  such  a  way  that  soluble  plant-food  is  placed  in 
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certain  locations  in  a  vessel  holding-  the  soil  show  that 
the  root  development  varies  according  to  the  location  of 
the  plant-food.  For  example,  when  the  plant-food  is 
uniformly  mixed  through  the  soil,  the  roots  grow  evenly 
throughout  the  entire  soil  mass.  When  the  food  material 
is  placed  about  one  inch  below  the  surface,  the  roots  form 
a  mat  in  this  layer  and  those  that  extend  beyond  are  not 


Root-hair  in  soil  magnitied,  showing  absorption  of  soil  solution; 
A,  is  a  root-hair  forcing  its  way  between  soil  particles  (_s)  which  are 
the  dark  portions;  the  large,  rounded,  white  spaces  (a  a)  represent 
air  bubbles ;  the  waved  lines  (w)  surrounding  the  particles  of  soil 
and  inclosing  air  bubbles  represent  water  held  to  the  grains  by  sur- 
face attraction.  At  points  marked  c,  near  the  end  of  the  root-hair, 
the  soil  particles  are  in  close  contact  with  the  root-hair. 

much  branched.  When  the  plant-food  is  placed  about  the 
middle,  between  top  and  bottom,  the  root  system  shows 
great  expansion  at  this  point.  When  the  fertilizer  is 
placed  at  the  bottom,  the  roots  are  slender  and,  without 
branching  much  above,  form  a  mat  at  the  bottom.  When 
the  plant-food  is  placed  in  a  layer  around  the  cylinder 
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of  earth  next  the  sides  of  the  vessel  holding  the  soil,  the 
outside  roots  are  greatly  branched,  but  the  inner  ones  are 
only  slightly  developed.  When  the  food  material  is  so 
placed  as  to  form  a  core  down  the  middle  of  the  cylinder 
of  soil,  the  inner  roots  are  greatly  developed,  while  the 
outer  ones  are  less  so.  The  root  growth  takes  place 
where  the  food  supply  is. 


CHAPTER  XI 

LOSSES  AND  GAINS  OF  PLANT-FOODS  IN  SOILS 

Some  knowledge  of  the  ways  in  which  the  amounts  of 
plant-foods  in  soils  are  decreased  and  increased,  and 
some  appreciation  of  the  extent  to  which  different  forms 
of  plant-food  are  liable  to  loss,  are  essential  to  an  intelli- 
gent and  economical  use  ot  fertilizers  in  the  growing  of 
crops.  We  therefore  devote  a  few  pages  to  a  brief  study 
of  the  more  important  facts  relating  to  the  losses  and 
gains  of  plant-foods  in  soils. 

LOSSES  OP  PLANT-FOODS 

The  fact  that  plant-foods  are  removed  {torn  soils  has 
been  long  established,  but  the  precise  ways  in  which,  and 
the  extent  to  which,  such  losses  take  place  have  not  been 
clearly  understood  nor  fully  appreciated  until  recent 
years.  Plant-food  constituents  are  lost  from  soils  in  the 
following  ways:  (i)  By  growth  and  removal  of  crops, 
(2)  by  the  process  of  leaching,  (3)  by  mechanical 
agencies,  (4)  by  conversion  into  gaseous  form  and 
escape  into  air. 

Removal  of  plant-foods  by  crops. — ^The  far  largest 
amounts  of  plant-food  constituents  are  removed  by  crops 
grown  on  and  taken  away  from  the  land.  Different  crops 
use  the  same  plant-food  constituents  in  very  variable 
amounts,  and  this  fact  must  be  taken  into  consideration 
in  determining  what  crops  to  grow  to  advantage  when 
the  crops  are  to  be  sold.  The  amount  of  plant-food  con- 
sumed is  an  essential  factor  in  estimating  the  cost  of 
growing  a  crop  for  market.  This  is  not,  however,  a  mat- 
ter of  so  much  importance  ivhere  a  crop  is  utilized  on  the 
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farm  in  feeding  animals  and  a  large  proportion  of  its 
plant-food  constituents  returned  to  the  soil. 

The  following  table  serves  by  way  of  illustration  to 
give  an  approximate  idea  of  the  amounts  of  the  more 
important  plant-food  constituents  used  by  a  few  typical 
crops.  Data  regarding  other  crops  will  be  given  in  Part 
Four  at  the  end  of  each  chapter  in  connection  with  our 
study  of  the  practical  fertilizer  needs  of  various  crops. 
The  figures  given  in  this  and  other  chapters  are  based 
upon  the  best  data  available,  but  it  must  be  kept  in  mind 
that  they  are  only  approximations  to  what  may  be  re- 
garded as  fair  conditions  of  yield  and  cannot  be  applied 
too  closely  to  any  individual  case.  It  has  seemed  pref- 
erable to  base  our  data  upon  moderate  rather  than  upon 
maximum  or  minimum  conditions.  From  the  data  given, 
one  can  easily  estimate  the  amounts  of  plant-food  constitu- 
ents removed  by  a  given  crop  when  the  yield  is  known. 
For  example,  we  have  based  our  estimate  of  the  plant- 
foods  removed  from  a  soil  by  a  wheat  crop  on  a  yield  of 
25  bushels  of  grain  an  acre.  If  the  yield  in  a  particular 
case  is  i2j/$  bushels,  the  amount  of  plant-foods  removed 
will  be  one-half  that  given  in  the  table;  if  the  yield  in 
another  particular  case  is  50  bushels,  the  plant-food  used 
bythe  crop  will  be  twice  that  given  in  the  table. 

In  those  cases  where  unused  portions  of  a  crop  go  back 
directly  to  the  soil,  as  with  the  leaves  of  fruit-trees,  small 
fruits,  the  leaves  and  stems  of  many  vegetables,  etc.,  we 
have  given  results  in  most  cases  only  for  the  portion  of 
the  crop  actually  removed  from  the  soil,  although  in  some 
cases  we  have  included  also  information  for  the  portions 
of  the  crop  not  removed  from  the  field. 

When  a  crop  is  sold  as  taken  from  the  field,  the  amount 
and  composition  of  the  crop  are  a  direct  measure  of  the 
loss  of  plant-food  to  the  soil.  When  a  crop  is  fed  to  ani- 
mals on  the  farm  and  the  manure  put  back  on  the  soil  on 
which  the  crop  was  grown,  then  only  a  small  part  of  the 
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plant-food    constituents   is   actually   lost   to   the   farm 
(p.  298). 

Table  21 — Plant-Food  Constituents  in  a  Crop 

Grown  on  One  Acre 


Kind  of  crop 

Portion  of 
crop 

Yield 

Nitrogen 
lbs 

Phosi^oric  add 

(Ps05) 

lbs. 

Potash  (KsO) 
lbs. 

Corn 

Grain 

Stalks,  etc. 
Cobs 

25btt 
1500  lbs 
250  •• 

23.2 

15.0 

1.0 

39.2 

9.1  (  4.  P) 
4.5      2.  P) 
0.2  (  O.IP) 

8.5  f  4.6K) 

21.0  (17.4K) 

1.1  (  0.910 

13JI  (  6.1P) 

27.6  (22.9K) 

Wbbat 

(nsln 
Stnw 

25  ba 
2500  lbs 

30.0 
12.5 

42.5 

12.8  (  5.6P) 
3.8  (  1.7P) 

16.6  (  7.3P) 

6.0  (  5.  K) 
15.0  (12.5K) 

21.0  (17.5K) 

Oats.  •••••... 

Gfsln 

Stnw 

25  ba 
1250  lU 

16.0 
8.0 

24.0 

6.5  (  2.9P) 
2.5  <  I.IP) 

9.0  (  4.0P) 

4.8  (4K) 
15.6  (13K) 

20.4  (17K) 

Apples  

(30  trees  per 
sere) 

I^ntit 
Leaves 
New  wood 

300  bu 
1000  lbs 
100  " 

6.0 

10.0 

0.5 

16.5 

3.0  (  1.3P) 
1.5  (  0.7P) 
0.2  (  O.IP) 

15.0  (12.5K) 
3.5  (2.9K) 
0.3  <0.2K) 

4.7  (  2.1P) 

18.8  (15.6K) 

Cabbaob 

10  tons 

60.0 

20.0  (  8.8P) 

80.0  (66.4K) 

Bbans 

Seeds 

Straw 

25  bu 
2000  lbs 

60.0 
28.0 

88.0 

18.0  (  8.  P) 
6.0  (  2.6P) 

24.0  C10.6P) 

19.5  fl6.2lQ 
38.0  (31.5K) 

57.5  (47.7K) 

PBACRBS 

(100  trees  per 
Bcre)4 

Prtilt 
Leaves 
New  wood 

400  bu 
5300  lbs 
1500" 

22.2 

47.7 

8.6 

78.5 

11.0  f  4.8P) 
8.0  (  3.5P) 
2.0  (  0.9P) 

2\J^  (  9.2P) 

45.5  (37.7K) 

42.0  (35.  K) 

2.5  (  2.  IQ 

90.0  (74.7K) 

Turnips 

Roots 

10  tons 

50.0 

20i)  (  8.8P) 

90.0(74.7K) 

Phosphorus,  P.    Potassium,  K. 

Loss  of  plant-food  by  leaching. — Plant-food  constitu- 
ents in  soils  dissolve  in  soil  water  to  a  greater  or  less 
extent,  and,  when  rainfall  is  in  excess  of  what  the  soil 
can  hold,  the  portions  dissolved  in  water  pass  away  in  the 
drainage.  While  a  small  amount  of  dissolved  material  is 
carried  away  in  the  surface  drainage  in  the  case  of  sloping 
or  hilly  land,  most  of  the  water  falling  on  cultivated  land 
is  carried  first  into  the  subsoil  with  its  dissolved  material 
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and.  then,  to  a  greater  or  less  extent,  passes  from  the  soil 
permanently  in  the  form  of.  drainage  water.  The  dis- 
solved soil  constituents  in  drainage  water  sooner  or  later 
find  their  way  to  the  sea.  It  has  been  estimated  that 
about  5,000,000,000  tons  of  mineral  matter  in  solution  are 
annually  transported  by  the  rivers  of  the  earth  from  the 
land  to  the  sea.  While  all  soil  constituents  are  in  some 
degree  soluble  in  soil  water  and  therefore  liable  to  removal 
from  soils,  some  are  much  more  so  than  others;  and 
among  those  most  readily  soluble  are  some  of  the  most 
important  plant-food  constituents.  The  liability  of  differ- 
ent plant-food  constituents  to  loss  in  drainage  water  we 
will  consider  later  (p.  185). 

Losses  by  leaching  depend  upon  several  conditions, 
most  important  of  which  are  the  following:  (i)  The 
amount  and  time  of  rainfall,  (2)  the  absorbing  and  hold- 
ing power  of  the  particles  in  soil  and  subsoil,  (3)  the 
amount  of  organic  matter  in  the  soil,  and  (4)  the  form  or 
compounds  in  which  the  plant-food  constituent  is  present. 

(i)  Loss  by  leaching  in  relation  to  amount  and  time  of 
rainfall. — ^Large  amounts  of  rainfall  increase  the  amount 
of  soluble  plant-food  removed  in  drainage  water.  Rain- 
fall during  the  summer  season,  when  the  amounts  of  solu- 
ble plant-foods  in  soils  are  largest,  causes  greater  loss  by 
leaching  than  at  other  times  of  year,  other  conditions 
being  the  same. 

(2)  Loss  by  leaching  in  relation  to  the  absorbing  and 
holding  power  of  soil  particles. — ^The  tenacity  with  which 
soils  absorb  and  hold  moisture  (p.  181)  is  influential  in 
controlling  the  amount  of  plant-food  material  lost  in 
drainage.  On  this  account,  clay  soils  lose  plant-food  less 
easily  than  sandy  soils.  In  addition  there  is,  in  case  of 
some  of  the  plant-food  compounds,  a  certain  amount  of 
chemical  action  in  many  soils,  especially  clay,  which  tends 
to  decrease  or  prevent  leaching,  a  subject  which  we  will 
consider  in  more  detail  a  little  later. 
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(3)  Loss  by  leaching  %n  relation  to  organic  matter  in  soils. 
We  have  previously  (p.  134)  pointed  out  that  one  of  the 
important  properties  of  decaying  organic  matter  in  soils 
is  its  absorbing  and  holding  power  for  water  and  the 
materials  dissolved  in  it.  Keeping  in  the  soil  generous 
amounts  of  organic  matter  is  one  of  the  most  eiFective 
means  of  decreasing  the  amount  of  plant-food  materials 
lost  in  drainage  water.  The  lighter  the  soil,  the  greater 
is  the  need  and  the  more  pronounced  the  effect. 

(4)  Loss  by  leaching  in  relation  to  form  of  plant-food 
constituents  in  soil. — It  is  well  established  that  some  com- 
pounds are  not  easily  held  by  any  soil  constituent  while 
others  are.  All  nitrate  compounds  are  easily  soluble  in 
w^ater  and  do  not  form  insoluble  compounds  with  any  of 
the  soil  constituents ;  therefore,  of  all  forms  of  nitrogen 
compounds,  nitrates  are  most  easily  lost  in  drainage 
water.  We  will  consider  other  compounds  of  nitrogen, 
together  with  compounds  of  potassium  and  phosphorus, 
in  this  relation,  under  another  head  (p.  185). 

Remedies  for  loss  of  plant-food  by  leaching. — ^In  addi- 
tion to  keeping  soils  supplied  with  an  abundance  of 
humus  and  making  the  surface  of  cultivated  soils  open  to 
the  reception  of  rainfall,  the  most  eiFective  method  of 
diminishing  the  losses  of  plant-foods  due  to  leaching  is  to 
keep  the  ground  occupied  with  growing  plants  as  much 
as  possible.  The  roots  are  able  to  use  the  plant-food  dur- 
ing the  growing  season  about  as  quickly  as  it  becomes 
soluble.  During  the  portions  of  seasons  when  the  ground 
would  otherwise  lie  bare  for  any  considerable  period  of 
time,  cover-crops  should  be  grown  as  far  as  practicable 
In  this  way  the  soluble  plant-food  is  taken  up  by  the 
cover-crop  and  thus  its  loss  by  leaching  largely 
prevented. 

*  Loss  of  plant-food  by  mechanical  agencies. — Soil  parti- 
cles are  carried  bodily  from  soils  into  streams,  especially 
in  bare,  hilly  regions,  and  the  amount  of  plant- food  material 
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thus  removed  is  very  large  in  the  aggregate.  The  por- 
tion thus  removed  by  water  running  over  the  surface 
consists  of  the  finest  soil  particles,  and  these  contain  the 
largest  part  of  the  quickly  available  plant-food  of  the  soil. 
The  removal  of  these  finer  particles  also  affects  most 
seriously  the  physical  condition  of  the  soil.  Loss  of  soil 
particles  by  flowing  water  is  promoted  when  land  lies 
bare  and  uncultivated,  unprotected  by  any  covering  of 
trees  or  other  vegetable  growth.  Losses  occurring  in  this 
manner  may  be  largely  reduced  or  prevented  by  one  or 
more  courses  of  treatment,  according  to  special  condi- 
tions: (a)  By  keeping  well  stirred  the  surface  of  the  soil 
under  cultivation,  so  that  rains  sink  in  instead  of  running 
off  from  the  surface;  (b)  by  keeping  the  soil  occupied 
with  crops  as  much  as  possible  during  the  time  when 
rains  are  most  abundant;  (c)  by  keeping  the  soil  well 
supplied  with  organic  matter;  (d)  by  proper  under- 
drainage ;  (e)  in  case  of  hilly  land,  the  soil  is  handled  so 
as  to  make  furrows  or  ridges  or  terraces,  according  to 
special  conditions,  around  the  hill  in  such  a  way  as  to 
catch  and  hold  the  rain-water.  Steep  hills  should  be  cov- 
ered with  trees  or  fine-rooted  crops,  like  some  of  the 
grasses,  as  a  protection  against  mechanical  loss. 

In  addition  to  loss  through  the  agency  of  running 
water,  soil  particles  on  the  surface  are  also  lost  through 
transportation  by  winds.  In  some  regions,  this  loss  is 
one  of  serious  proportions.  This  may  be  remedied  (a) 
by  covering  the  surface  with  growing  plants,  (b)  by 
maintaining  a  good  supply  of  organic  matter,  (c)  by 
windbreaks,  and  (d)  by  any  form  of  mulch. 

(4)  Loss  of  plant-food  by  conversion  into  gases. — ^The 
only  form  of  plant-food  that  Is  liable  to  appreciable  loss 
as  gas  is  nitrogen.  When  nitrate  nitrogen  is  decomposed 
into  free  nitrogen  (p.  210),  the  plant-food  value  is  lost. 
It  is  possible  also  that  ammonia  nitrogen  may  be  lost  to 
soils  by  passing  into  the  air  when  the  soil  is  hot  and  dry 
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and  lacking  in  humus.  Ordinarily,  the  amount  of  nitro- 
gen lost  either  from  decomposition  of  nitrate  or  from 
escape  of  ammonia  into  the  air  may  be  regarded  as  insig- 
nificant under  agricultural  conditions  commonly  pre- 
vailing. Another  source  of  nitrogen  loss  is  the  burning 
of  animal  or  vegetable  matter.  When  stubble  is  burned 
over,  or  any  other  form  of  vegetable  material,  or  any  ani- 
mal substance,  the  nitrogen  is  rendered  useless  as  plant- 
food  by  being  converted  into  free  nitrogen. 

How  plant-food  compounds  are  held  by  soils. — ^If  a 
plant-food  compound,  such  as  potassium  chloride,  cal- 
cium acid  phosphate,  ammonium  sulphate,  etc.,  is  dis- 
solved in  water  and  this  solution  poured  upon  a  6-inch 
layer  of  ordinary  soil  in  such  a  way  as  to  enable  one  to 
catch  the  solution  draining  through  the  soil,  it  will  be 
found  that  most  of  the  plant-food  constituents  are 
retained  in  the  soil.  This  retention  is  due  in  part  to 
chemical  and,  in  part,  to  physical  causes,  and  varies  with 
the  compounds  applied  and  with  the  compounds  in  the 
soil,  as  well  as  with  the  fineness  of  the  soil  particles.  We 
will  now  consider  briefly  these  two  processes  by  which 
soils  are  able  to  hold  plant-food  compounds  applied  in 
soluble  forms.  It  is  obvious  that  these  processes  are  of 
much  practical  interest  in  connection  with  a  study  of  the 
loss  of  plant-foods  by  leaching.  The  process  by  which  a 
soluble  compound  is  held  in  a  soil  so  firmly  as  not  to  be 
appreciably  leached  out  is  known  as  fixation,  which,  as 
already  stated,  may  be  due  to  chemical  or  physical  causes 
or  both. 

(i)  Chemical  fixation  applies  to  those  cases  in  which  a 
soluble  compound,  applied  to  the  soil,  undergoes  chemical 
reaction  with  one  or  more  constituents  of  the  soil  and  is 
thereby  changed  into  another  compound  or  compounds 
less  soluble.  We  will  consider  this  form  of  change  in 
relation  to  compounds  of  nitrogen,  phosphorus,  potassium 
and  calcium. 
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(a)  Nitrogen  compounds.  Nitrate  nitrogen  is  not 
chemically  held  in  soils  for  the  reason  that  all  nitrates  are 
easily  soluble  in  water,  and,  therefore,  cannot  form  insol- 
uble compounds  by  reaction  with  any  soil  constituent. 

Ammonia  nitrogen,  whether  as  gaseous  ammonia,  ammo- 
nium carbonate  or  a  neutral  ammonium  salt  like  am;no- 
nium  sulphate,  is  capable  of  reacting  with  certain  con- 
stituents of  the  soil  and  entering  into  combinations  which 
are  not  easily  leached  from  the  soil ;  and  the  same  is  true 
of  soluble  organic  nitrogen  compounds.  It  has  been 
learned  that  the  fixation  of  ammonia  and  of  soluble 
organic  nitrogen  compounds  is  dependent  on  the  presence 
of  calcium  carbonate,  clay  and  humus  in  soils.  While 
compounds  of  ammonia  and  of  organic  nitrogen  are 
retained  in  soils  so  long  as  they  maintain  their  insoluble 
condition,  they  are  sooner  or  later  changed  into  nitrate 
nitrogen  (p.  204)  and  then  they  are  easily  removed  by 
leaching. 

(b)  Phosphorus  compounds.  The  amount  of  phos- 
phorus compounds  found  in  drainage  water  is  very  small. 
This  is  easily  explained  by  the  fact  that  phosphoric  acid 
is  capable  of  forming  insoluble  compounds  with  several 
constituents  common  in  soils,  such  as  calcium  carbonate 
and  also  the  compounds  of  iron  and  aluminum  that  are 
present  in  large  amounts  in  clay.  When  we  put  soluble 
calcium  phosphate  (CaH4(P04)2,  p.  45)  on  a  soil  con- 
taining calcium  carbonate,  it  first  goes  into  solution  and 
is  distributed  through  the  soil  water  near  the  surface; 
soon  the  calcium  of  the  carbonate  combines  with  the 
soluble  calcium  phosphate  and  forms  throughout  the  soil 
fine  particles  of  the  di-calcium  phosphate  (Ca2H2(P04)2. 
p.  45),  known  also  as  "reverted"  phosphate;  or,  on  soils 
containing  large  amounts  of  calcium  carbonate,  more  cal- 
cium may  unite  with  the  phosphate,  forming  tri-calcium 
phosphate  (Ca3(P04)2,  p.  45).  Whether  the  di-  or  tri- 
calcium  phosphate  is  formed,  the  phosphate  is  soon  dis- 
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tributed  throughout  the  upper  layer  of  soil  in  a  state  of 
fine  division,  forming  a  coating  on  the  soil  particles  with 
which  the  soluble  phosphate  comes  in  contact  before  being 
changed  to  the  insoluble  form.  In  this  condition  it  is 
soluble  in  water  containing  in  solution  carbon  dioxide  or 
weak  organic  acids,  and,  under  normal  soil  conditions,  it 
goes  into  solution  gradually  to  meet  the  demands  of 
growing  plants. 


Bushels  per  acre,  33.    Bushels  per  acre,  13.    Bushels  per  acre,  38. 

Experiment  showing  lasting  effect  of  phosphorus  compounds  on 

clay  soils.    Fertilizer  applied  three  years  before.   Indiana  Station. 

In  acid  soils  and  those  containing  only  small  amounts 
of  calcium  carbonate,  the  application  of  a  soluble  phos- 
phate is  followed  by  the  formation  of  iron  and  aluminum 
phosphates  (p.  49),  which  are  only  very  slightly  and 
slowly  soluble  in  soil  solutions.  The  foregoing  facts 
surest  the  desirability  of  keeping  soils  well  supplied 
with  calcium  carbonate  in  order  to  prevent  the  formation 
of  the  too  slowly  available  iron  and  aluminum  phosphates. 
Some  recent  investigations  have,  however,  shown  marked 
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losses  of  phosphorus  in  case  of  light,  open-textured  soils 
which  have  been  treated  with  large  amounts  of  farm 
manure  for  such  crops  as  cabbage,  asparagus,  tobacco, 
etc. 

(c)  Potassium  compounds.  Most  soils  contain  con- 
stituents which  have  the  power  by  means  of  chemical 
action  to  change  soluble  potassium  compounds  into  forms 
that  do  not  dissolve  too  easily  in  soil  water.  Soils  con- 
taining abundance  of  clay  and  humus  produce  this  change 
in  greater  degree  than  do  light  soils.  When  soluble 
potassium  compounds,  such  as  the  chloride,  sulphate  and 
carbonate,  are  applied  to  soils,  they  remain  largely  in  the 
the  surface  soil,  though  some  passes  into  the  subsoil,  but 
very  little  goes  into  the  drainage.  In  this  condition  the 
potassium  remains  until  dissolved  gradually  in  the  soil 
water  to  supply  the  roots  of  growing  plants. 

(2)  Physical  fixation. — When  finely  powdered  charcoal 
is  shaken  up  in  a  colored  liquid,  the  dissolved  coloring- 
matter  may  be  completely  removed  so  that  the  solution 
becomes  colorless.  The  particles  of  charcoal  have  the 
power  of  attracting  and  condensing  upon  their  surfaces 
the  dissolved  coloring-matter.  This  is  not  a  chemical 
action  but  is  purely  physical,  because  none  of  the  sub- 
stances taking  part  in  the  action  undergoes  any  change 
in  composition.  This  process  by  which  a  substance  in 
solution  is  withdrawn  from  solution  and  concentrated 
and  held  upon  the  surface  of  small  particles  in  contact 
with  the  solution  is  technically  known  as  adsorption.  Fine 
powders  in  general,  including  soil  particles,  have  the 
power  of  withdrawing  from  solution  and  holding  dis- 
solved substances,  the  degree  of  power  varying  with  the 
substance  dissolved  and  the  adsorbing  solid.  This 
process  of  physical  fixation  of  soluble  plant-food  constitu- 
ents is  of  importance  in  soils,  since  in  fine-grained  soils 
considerable  dissolved  material  is  held,  which  would  be 
leached  out.    Plant-food  compounds  held  in  this  way  are 
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in  condition  to  permit  of  their  ready  use  by  the  root-hairs 
that  come  into  contact  with  the  soil  particles.  While 
physical  fixation  by  adsorption  may  play  a  more  or  less 
active  part  in  holding  any  dissolved  soil  constituent,  it  is 
of  especial  interest  in  connection  with  nitrates,  which  as 
we  have  seen,  are  not  held  in  soils  at  all  by  chemical 
fixation,  but  are  held  to  some  extent  by  adsorption.  This 
is  shown  by  the  fact  that  when  we  add  to  a  clay  soil  a 
given  quantity  of  a  ilitrate  salt,  such  as  sodium  nitrate, 
and  then  treat  the  soil  with  successive  portions  of  dis- 
tilled water,  we  are  able  to  leach  out  only  a  small  part 
of  the  nitrate  applied.  It  may  be  added  that  the  finer  the 
soil  particles  the  greater  is  the  adsorbing  power;  for  this 
reason  clay  soils  possess  this  power  to  a  greater  extent 
than  sandy  soils. 

Kinds  and  amounts  of  plant-foods  removed  from  soils. 
In  the  case  of  loss  by  mechanical  agencies,  such  as  ero- 
sion by  water  and  transportation  by  wind,  the  soil  parti- 
cles, with  all  the  kinds  of  plant-food  contained  in  them, 
are  carried  away  bodily ;  there  is  no  selective  action  which 
removes  one  constituent  more  than  another.  But  in  case 
of  loss  by  leaching,  there  is  some  selective  action,  which 
is  dependent  upon  the  solubility  of  the  plant-food  com- 
pounds in  soil  water.  While  all  soil  constituents  are  in 
some  degree  soluble  in  soil  water  and,  therefore,  liable  to 
be  removed  from  soils  by  leaching,  some  are  much  more 
so  than  others.  The  soil  compounds  most  soluble  are  the 
chlorides,  nitrates  and  sulphates  of  sodium,  magnesium 
and  calcium,  and  also  calcium  as  bicarbonate. 

(i)  Calcium  compounds. — Of  all  soil  constituents,  cal- 
cium is  usually  found  in  drainage  water  in  largest 
amounts.  In  case  of  cultivated  soils  well  supplied  with  cal- 
cium carbonate,  the  annual  loss  of  this  compound  in 
drainage  water  is  often  over  500  pounds  (equivalent  to 
280  pounds  of  calcium  oxide)  and  may  exceed  1,000 
pounds    (equivalent  to   560  pounds  of   calcium   oxide). 
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These  large  losses  are  due,  in  part,  to  the  solubility  of 
calcium  carbonate  in  soil  water  containing  in  solution 
carbon  dioxide  and,  in  part,  to  the  important  chemical 
reactions  in  the  soil  in  which  calcium  carbonate  takes 
part.  Thus,  when  any  acid  material  is  formed  in  or 
applied  to  soils,  calcium  carbonate  is  usually  the  first 
compound  to  be  acted  upon,  with  the  resulting  formation 
of  calcium  salts  that  dissolve  easily  in  water.  The  forma- 
tion of  organic  acids  in  the  decay  of  vegetable  matter 
and  the  production  of  nitric  acid  by  nitrification  (p.  204) 
convert  calcium  carbonate  into  soluble  forms.  The 
application  of  materials  containing  ammonium  or  potas- 
sium sulphate,  chloride,  nitrate,  etc.,  results  in  the  decom- 
position of  insoluble  calcium  compounds  with  the  forma- 
tion of  the  corresponding  salt  of  calcium,  all  of  which  are 
readily  soluble  in  water. 

(2)  Nitrogen  compounds. — As  previously  stated,  little 
nitrogen  is  lost  from  soils  except  in  the  form  of  nitrate. 
There  may  be  lost  annually  in  drainage  water  under  dif- 
ferent conditions  from  25  to  50  pounds  of  nitrate  nitrogen. 
Organic  and  ammonia  nitrogen  are  seldom  found  in  drain- 
age water  in  significant  amounts,  but  they  are  sooner  or 
later  converted  into  nitrate  nitrogen,  which  then  may  be  lost. 

(3)  Phosphorus  compounds, — For  reasons  already  con- 
sidered (p.  182),  relatively  small  amounts  of  phosphorus 
compounds  are  lost  in  drainage  water,  only  a  few  pounds 
an  acre  at  most.  If  considered  with  reference  to  large 
areas,  however,  the  aggregates  are  large,  amounting  for 
the  area  of  the  United  States  to  400,000  tons  annually. 
According  to  some  estimates,  attention  has  recently  been 
called  to  the  fact  that  large  losses  of  phosphorus  may 
occur  in  the  case  of  soils  that  have  been  treated  continu- 
ously for  long  periods  with  large  amounts  of  farm 
manure.  Whether  the  losses  occur  in  drainage  water  or 
in  being  carried  into  subsoil  or  otherwise  has  not  been 
determined. 
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(4)  Potassium  compounds. — ^The  amount  of  potassium 
compounds  in  drainage  water  may  exceed  10  pounds 
an  acre  annually,  but  is  usually  less.  The  loss  is  increased 
when  large  amounts  of  soluble  potassium  compounds  are 
applied,  and  especially  on  sandy  soils.  As  compared  with 
phosphorus  compounds,  the  loss  of  potassium  compounds 
is  considerably  greater  under  ordinary  conditions.  The 
amount  of  potassium  annually  lost  to  the  soils  of  the 
United  States  in  drainage  water  has  been  estimated  at 
3,500,000  tons. 

It  may  be  added  in  this  connection  that  the  loss  of 
plant-food  constituents  is  probably  much  greater  in  the 
form  of  solid  particles  carried  away  as  the  result  of  ero- 
sion by  running  water  than  in  solution  in  drainage  water. 

GAINS  OP  PLANT-FOODS  BY  SOILS 

To  make  up  the  losses  of  plant-food  which  soils  suffer 
as  a  result  of  the  different  causes  we  have  considered, 
there  are  various  sources  of  supply  that  are  utilized,  chief 
of  which  are  the  following:  (i)  Application  of  ferti- 
lizers, (2)  plant-food  contained  in  rain-water,  (3)  nitro- 
gen added  by  means  of  micro-organisms,  (4)  plant-food 
brought  from  subsoil,  (5)  plant-food  added  through 
manure  from  purchased  feeding-stuffs. 

Application  of  fertilizers. — The  application  of  sub- 
stances containing  any  form  of  plant-food  material, 
whether  a  product  of  the  farm  or  a  commercial  product, 
serves  to  furnish  plant-food  to  take  the  place  of  that 
removed.  The  amount  of  plant-food  thus  supplied 
depends,  of  course,  upon  the  composition  and  amount  of 
the  material  added,  details  which  will  be  considered  later. 

Plant-food  in  rain-water. — Dew  and  rain  bring  to  the 
soil  annually,  from  3  to  10  pounds  of  nitrogen  an  acre, 
usually  4  or  5  pounds,  chiefly  in  the  form  of  ammonia  and 
nitrate  nitrogen.    The  variations  in  the  amount  of  nitro- 
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gen  thus  supplied  must  necessarily  be  wide,  according 
to  rainfall,  proximity  of  large  towns,  climate,  etc. 

Nitrogen  added  by  means  of  micro-organisms. — ^This 
subject  will  be  treated  in  the  next  chapter  (p.  213). 

Plant-food  from  subsoiL — Considerable  amounts  of 
plant-food  are  brought  to  the  surface  soil  where  plants 
can  use  it,  (a)  as  the  result  of  growing  deep-rooted  crops, 
(b)  by  means  of  gradually  increasing  the  depth  of  plow- 
ing, and  (c)  through  the  usual  upward  and  downward 
movements  of  the  soil  water,  dry  periods  causing  the  soil 
solution  to  ascend  to  the  region  of  growing  plant-roots. 

Plant-food  added  through  purchased  feeding-stuffs.—- 
When  a  farmer  purchases  feeding-stuffs  for  his  animals 
and  applies  the  resulting  manure  to  his  soil,  he  obtains 
the  double  feeding  and  fertilizer  value. 

It  will  be  noticed  that,  of  these  different  methods  of 
making  up  losses  of  plant-food  constituents,  the  materials 
in  most  mineral  fertilizers,  in  rain-water  and  in  the 
nitrogenous  products  of  certain  micro-organisms  are  the 
only  ones  that  are  actually  added  to  the  soil,  the  others  com- 
ing from  the  soil  itself  or  the  subsoil.  What  plant-food 
is  applied  in  the  form  of  animal  or  vegetable  materials  is 
simply  restoration  of  what  was  previously  a  part  of  the 
soil. 


CHAPTER  XII 

THE  RELATIONS  OF  MICRO-ORGANISMS  TO 

PLANT-FOOD 

The  soil  was  once  regarded  as  the  abiding  place  of  non- 
living matter  for  the  most  part;  such  changes  as  were 
known  to  occur,  especially  obvious  ones  like  the  decay  of 
organic  matter  in  soils,  were  regarded  as  purely  chemical 
without  any  relation  to  biological  activities ;  but  we  now 
know  that  soils,  especially  cultivated  soils,  teem  with 
unseen  life,  and  that  many  of  the  most  important  chemi- 
cal processes  taking  place  within  are  due  to  the  presence 
and  action  of  living  organisms.  These  living  beings, 
though  very  small,  are  subject  to  the  same  general  con- 
ditions as  prevail  among  higher  organisms  in  relation  to 
the  biochemical  problems  of  nutrition,  reproduction  and 
death.  Owing  to  the  fact  that  the  use  of  a  microscope  is 
required  to  enable  one  to  see  many  of  these  organisms 
satisfactorily,  they  are  spoken  of  under  the  very  general 
term  of  micro-organisms.  The  relations  of  these  micro- 
scc»pic  beings  to  soil  fertility  form  a  comparatively  new 
field  of  investigation,  which  has  already  yielded  results 
of  far-reaching  practical  value  in  relation  to  the  feeding 
of  plants.  These  relations  appear  to  be  of  increasing 
importance  as  our  knowledge  enlarges.  In  our  treatment 
of  the  subject,  we  shall  consider  some  of  the  most  inter- 
esting facts  relating  to  the  work  of  micro-organisms  in 
converting  unavailable  into  available  plant-food,  paying 
special  attention  to  the  conditions,  so  far  as  known,  that 
enable  us  to  control  and  utilize  these  processes  in  furnish- 
ing our  crops  with  needed  food.  We  shall  consider  also 
some  of  the  results  of  the  activity  of  certain  organisms 
that  tend  to  operate  against  conditions  favorable  to  the 
welfare  of  plants. 
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The  numerous  micro-organisms  in  soils  in  which  we 
are  here  interested  may  be  considered  under  three  gen- 
eral divisions 

1.  Bacteria, 

2.  Fungi, 

3.  Protozoa. 

Of  these  general  divisions  of  soil  micro-organisms  con- 
nected with  the  feeding  of  plants  directly  or  indirectly, 
bacteria  are,  in  their  beneficial  effects,  of  far  greater 
interest,  importance  and  promise,  so  far  as  our  present 
knowledge  goes.  The  fungi  and  protozoa  to  be  noticed 
by  us  are  more  or  less  largely  associated  with  processes 
that  are  harmful  rather  than  beneficial  to  plants.  While 
bacteria  and  fungi  are  regarded  as  belonging  to  the  vege- 
table kingdom,  protozoa  represent  the  simplest  form  of 
animal  life. 

BACTERIA 

Bacteria  are  the  simplest  and  smallest  known  forms  of 
plant  life.  Each  individual  consists  of  a  single  cell.  On 
account  of  their  power  of  rapid  multiplication  under 
favorable  conditions,  they  are  capable  of  producing  very 
extensive  chemical  changes,  especially  in  animal  and 
vegetable  materials.  Before  taking  up  a  detailed  study 
of  soil  bacteria,  it  is  desirable  to  obtain  some  knowledge 
of  their  general  characteristics,  such  as  (l)  size,  (2) 
forms,  (3)  reproduction,  (4)  effects,  and  (5)  conditions 
of  growth. 

Size. — Individual  bacteria  average  in  diameter  about 
one  twenty-five  thousandth  of  an  inch  and  vary  from  one 
thousandth  to  less  than  one  fifty-thousandth  of  an  inch*. 
This  means  that  if  twenty-five  thousand  bacteria  of  aver- 
age size  were  placed  side  by  side,  they  would  reach  only 
one  inch. 

Forms. — Bacteria  appear  in  three  general  varieties  of 
form.    Following  we  give  the  names  of  these,  both  the 
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common  and  the  scientific:  (l)  Ball  (coccus) ,  (2)  rod 
(bacillus  or  bacterium)  and  (3)  cork-screw  (spirillum). 
Each  of  these  shapes  varies  more  or  less  with  different 
kinds  of  bacteria.  In  the  first  shape  they  may  exist  as 
separate  balls,  or  in  pairs,  chains  or  square  and  cubical 
masses.  Those  appearing  in  rod-like  form  may  be  much 
like  a  lead-pencil  in  shape,  long  and  slender,  or  they  may 
be  thick  and  short.  The  rods  may  be  separate  or  they 
may  be  strung  together,  end  to  end.  The  cork-screw 
shaped  variety  may  closely  resemble  a  cork-screw  or  may 
be  much  like  a  comma,  a  letter  S,  or  a  watch-spring. 
There  are,  however,  numerous  variations  from  these 
regular  forms.  Some  bacteria  have  one  or  more  little 
threadlike,  eternal  appendages,  which  by  working  rap- 
idly back  and  forth  enable  the  organisms  to  move  about 
when  there  is  any  cause  for  changing  their  location. 
These  appendages  are  quite  common  with  rod-shaped 
bacteria  but  comparatively  rare  with  the  ball-shaped. 

Reproduction. — Bacteria  reproduce  by  simple  division ; 
that  is,  when  a  cell  grows  in  size,  it  increases  more  in 
one  direction,  so  as  to  lengthen  out  slightly,  and  a  parti- 
tion forms  across  the  cell,  thus  producing  two  new  cells 
in  place  of  the  old  one ;  and  then  each  of  these  subdivides 
again,  and  so  on  continuously.  In  some  kinds  of  bac* 
teria,  the  whole  cell  is  transformed  into  a  spore,  which 
may  be  regarded  as  bearing  much  the  same  relation  to 
bacteria  as  a  seed  to  a  higher  plant,  or  an  egg  to  an  ani- 
mal. Spores  are  not  so  easily  killed  as  are  bacteria,  and, 
therefore,  spore-producing  bacteria  reproduce  under  con- 
ditions which  would  kill  fully  developed  bacteria. 
Under  favorable  conditions  the  rapidity  of  growth 
of  bacteria  is  almost  beyond  belief  and  wholly 
beyond  comprehension.  In  some  cases,  one  cell  divides 
into  two  cells  every  thirty  minutes;  that  is,  passes 
through  its  cycle  of  life  from  birth  to  reproduction;  if 
such  a  rate  were  kept  up  for  twenty-four  hours  the  one 
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cell  would  multiply  into  more  than  three  hundred  tril- 
lions (300,000,000,000,000).  Such  rapidity  of  increase 
does  not  occur  under  ordinary  conditions,  owing  to  the 
exhaustion  of  food  supply,  accumulation  of  poisonous 
products  and  the  consequent  death  of  many  cells. 

Effects  produced  by  bacteria. — In  the  course  of  their 
growth,  bacteria  produce  many  different  kinds  of  change 
in  the  materials  in  which  they  live ;  the  process  by  which 
these  changes  are  brought  about  is  known  under  the 
general  name^of  fermentation,  while  the  causes  of  the 
change,  or  the  bacteria,  are  known  as  ferments.  In  many 
cases  the  immediate  cause  of  each  change  is  a  specific 
substance  produced  by  the  bacteria,  such  a  substance 
being  known  as  an  ensym.  While  living  bacteria  are 
known  as  organized  ferments,  their  enzyms  are  classed 
as  unorganized  ferments,  which  are  ferments  without  life, 
or  chemical  substances,  that  are  capable  of  causing 
marked  changes  in  many  complex  organic  compounds, 
the  enzyms  themselves  undergoing  little  or  no  change. 
The  special  function  of  enzyms  is  generally  to  assist  bac- 
teria in  procuring  food.  Bacteria,  like  the  hair-root  cells, 
•  take  their  food  materials  only  in  soluble  form  through 
the  cell- walls;  substances  not  in  solution  cannot  pass 
through  the  cell-walls,  and  in  such  condition  are  useless 
as  food.  In  order  to  utilize  insoluble  materials,  such,  for 
example,  as  cellulose  and  insoluble  proteins,  many  bac- 
teria produce  enzyms  within  the  cell,  which  pass  out  of 
the  cell  and  dissolve  insoluble  materials  that  can  pass 
into  the  cell  for  use  as  food.  In  making  use  of  food 
materials,  bacteria  convert  them  into  new  forms  of  com- 
bination, producing  various  kinds  of  bacterial  products, 
among  which  are  sugars,  acids,  alcohols,  soluble  nitrogen 
compounds  (peptones,  amino  acids,  ammonia,  nitrous 
acid,  nitric  acid,  free  nitrogen),  aromatic  compounds  and 
numerous  other  products.  Some  bacterial  products  are 
intensely  poisonous,  while  others  are  highly  useful. 
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Conditions  of  growth. — The  life  and  growth  of  bac- 
teria are  aflFected  by  a  number  of  conditions,  among  which 
are  (i)  food,  (2)  temperature,  (3)  air,  (4)  moisture,  (5) 
light,  (6)  chemical  and  physical  surroundings,  (7)  prod- 
ucts of  bacterial  action,  (8)  presence  of  other  forms  of  life. 

(i)  Food. — ^The  bodies  of  bacteria  consist  of  proteins, 
carbohydrates,  oils,  etc.,  and,  therefore,  for  satisfactory 
growth  they,  like  higher  plants,  require  as  food  soluble 
compounds  containing  nitrogen,  carbon,  hydrogen,  sul- 
phur, oxygen,  and,  in  addition,  small  amounts  of  inor- 
ganic or  mineral  compounds  (those  containing  phos- 
phorus, potassium,  magnesium,  etc.).  The  compounds 
contained  in  vegetable  and  animal  matter  form  the  usual 
sources  of  supply  of  food  for  bacteria.  Different  kinds 
of  bacteria  show  decided  preferences  for  one  kind  or 
another  of  food  compounds.  For  example,  some  thrive 
only  on  organic  nitrogen,  others  on  ammonium  com- 
pounds, others  on  nitrite  and  still  others  on  nitrate  nitro- 
gen. When  bacteria  live  in  or  on  some  other  organism 
and  derive  the  nourishment  therefrom,  they  are  known  as 
parasites  {para,  beside;  and  sites,  food);  many  plant  and 
animal  diseases  are  due  to  the  parasitic  action  of  bacteria. 
Bacteria  which  deriv^  their  sustenance  from  dead  organic 
matter,  as,  for  example,  manure  and  garbage  heaps,  are 
called  saprophytes  (rotten  plants). 

(2)  Temperature. — ^Different  bacteria  flourish  best  within 
definite  narrow  limits  of  temperature.  The  most  favor- 
able range  of  temperature  for  bacterial  activity  lies 
between  70**  F.  and  105®  F.  (21®  and  40®  C),  or,  perhaps, 
within  the  narrower  range  of  60**  to  80**  F.  (15.5®  to 
25.5**  C.)  for  most  soil  bacteria;  in  general,  activity 
decreases  as  the  freezing  point  of  water  (32*  F.  or  o** 
C.)  is  approached,  when  all  signs  of  active  life  cease; 
but  intense  cold,  unless  applied  for  a  long  time, 
usually  docs  nothing  more  than  to  render  bacteria 
inactive ;  on  warming  again,  they  become  active.    Above 
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iio®  F.  (43**  C.)  bacteria  gradually  lose  their  vigor  and 
many  are  killed  at  130°  to  140°  (54''  to  60°  C)  in  ten 
minutes,  or  in  less  time  at  higher  temperatures.  At  the 
temperature  of  boiling  water  (212*^  F.  or  lOO**  C.)  most 
bacteria  are  killed,  but  many  bacterial  spores  are  not 
killed  except  at  considerably  higher  temperatures  and 
may  even  then  require  one  to  three  hours.  Dry  heat  is 
less  effective  than  moist.  When  bacteria  are  not  actually 
killed  by  heat,  their  vitality  may  be  greatly  weakened, 
as  manifested  by  diminished  activity. 

(3)  Oxygen, — Bacteria  vary  greatly  in  respect  to  their 
ability  to  live  with  or  without  a  supply  of  air  or  oxygen. 
Some  can  live  only  when  well  supplied  with  air ;  these  are 
called  aerobes  or  aerobic.  Bacteria  of  this  kind  cause  the 
elements  of  organic  matter  to  unite  with  oxygen;  that  is, 
they  oxidize  organic  matter.  They  are  useful  in  making 
available  the  plant-food  materials  in  organic  matter.  As 
we  shall  see  later,  the  bacteria  that  cause  rapid  decompo- 
sition are  aerobic  and  also  those  that  produce  nitrification, 
as  well  as  certain  kinds  that  fix  nitrogen.  Other  bacteria 
soon  die  or  cease  being  active  if  exposed  to  the  air ;  these 
are  called  anaerobes  or  anaerobic.  These  take  oxygen 
away  from  (reduce)  organic  matter,  decomposing  it  and 
tending  to  change  it  to  the  form  of  gaseous  compounds. 
Bacteria  that  convert  cellulose  into  soluble  compounds 
are  anaerobic.  Both  aerobic  and  anaerobic  bacteria  are 
found  in  soils,  manure  heaps  and  other  places.  In  many 
cases,  as  in  manure  piles,  the  air  is  used  up  by  the  aerobic 
and  the  conditions  thus  made  suitable  for  anaerobes. 

(4)  Moisture. — Many  bacteria  become  dormant  on 
being  dried,  though  still  retaining  life,  and  then  become 
active  again  when  placed  under  suitable  moisture  con- 
ditions. Some  are  killed  at  once  by  drying.  In  the 
decomposition  of  vegetable  matter  in  soils  there  is  said 
to  be  little  bacterial  action  when  the  percentage  of 
moisture  drops  below  25  per  cent. 
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(5)  Light. — Sunlight  kills  most  bacteria  when  they  are 
exposed  directly  to  the  sun's  rays  for  a  few  hours. 
Spore  forms  are  less  easily  affected.  In  the  case  of  bac- 
teria in  soil  and  water,  direct  sunlight  affects  only  those 
bacteria  in  the  topmost  layer.  Diffused  sunlight  and 
artificial  light  may  lessen  the  activity  of  bacteria. 

(6)  Chemical  and  physical  surroundings. — The  presence 
of  an  acid  destroys  or  prevents  the  growth  of  those  kinds 
of  bacteria  which  flourish  only  in  a  neutral  or  slightly 
alkaline  medium.  Hence,  a  soil  containing  free  acid  or 
acid  salts  is  unfavorable  for  some  bacteria;  in  strongly 
acid  condition,  molds  flourish  instead  of  bacteria.  Under 
conditions  prevailing  in  such  places  as  brackish  swamps, 
humus-free  soils  and  sand  beaches,  certain  kinds  of  bac- 
teria are  not  found.  Many  chemical  compounds  have  the 
effect  of  either  killing  or  checking  the  growth  of  bacteria. 
Those  compounds  that  simply  retard  the  rapidity  of 
growth  of  bacteria  are  called  antiseptics;  those  that  destroy 
bacterial  life  are  called  disinfectants.  The  addition  of  acid 
phosphate,  kainite  and  similar  substances  to  stable 
manure  is  usually  for  the  primary  purpose  of  checking 
or  preventing  bacterial  action.  It  may  be  stated  further 
that  many  compounds  which,  in  dilute  solutions,  serve 
as  food,  act  as  poisons  when  present  in  concentrated 
form ;  for  example,  nitrifying  bacteria  use  soluble  organic 
matter  as  food,  but  their  activity  is  retarded  when  too 
much  is  supplied. 

Certain  physical  surroundings  are  unfavorable  to  bac- 
terial activity.  For  example,  bacteria  do  not  flourish  in 
pure  clay  or  sand  or  in  soil  filled  with  stagnant  water. 
These  are,  however,  connected  with  conditions  of  tem- 
perature, air  supply,  etc. 

(7)  Products  of  bacterial  action. — Bacteria  when  active 
are  constantly  transforming  chemical  compounds,  and 
these  products  of  chemical  change  tend  to  accumulate. 
When  they  reach  a  certain  condition  of  concentration. 
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they  often  act  as  poisons  in  reducing  or  stopping  con- 
tinued bacterial  activity.  In  many  cases  the  products  of 
one  kind  of  bacteria  are  poisonous  to  other  kinds.  To 
illustrate,  lactic  acid  bacteria  are  the  ones  characteristic 
of  sour  milk;  they  convert  the  sugar  of  milk  into  lactic 
acid,  but  cease  to  act  when  about  i  per  cent,  of  lactic 
acid  has  been  formed,  even  though  only  a  part  of  the 
milk-sugar  is  changed.  Lactic  acid  stops  the  activity 
not  only  of  these  organisms  but  also  that  of  many  other 
bacteria  that  require  a  neutral  or  slightly  alkaline  reac- 
tion, such,  for  example,  as  act  upon  the  insoluble  pro- 
tein, milk-casein,  and  change  it  into  soluble  nitrogen 
compounds.  If  we  add  to  sour  milk  some  calcium  car- 
bonate and  thus  neutralize  the  lactic  acid,  the  bacteria 
will  renew  their  activity  and  produce  acid  until  the  mix- 
ture contains  about  i  per  cent.,  when  they  will  stop ;  but, 
if  enough  calcium  carbonate  is  added,  the  action  will  be 
continued  until  all  the  milk-sugar  is  changed.  The  same 
is  true  of  many  soil  bacteria;  they  produce  acids  until 
there  is  an  accumulation  sufficient  to  check  or  stop  their 
activity,  but  in  soils  well  supplied  with  calcium  carbon- 
ate the  action  can  go  on  as  long  as  food  supply  and  other 
conditions  are  favorable. 

(8)  Presence  of  other  forms  of  life. — ^Recent  investiga- 
tions indicate  that  the  soil  may  contain  protozoa  (p.  231) 
which  feed  upon  living  bacteria  to  such  an  extent  as  to 
interfere  seriously  with  the  proper  performance  of  cer- 
tain bacterial  functions  in  the  soil. 

Soil  bacteria. — One  of  the  important  functions  of  soils 
is  to  furnish  a  congenial  living  place  for  bacteria,  espe- 
cially for  those  forms  that  do  useful  and  necessary  work 
in  connection  with  the  feeding  of  crops.  Many  different 
kinds  of  bacteria  are  present  in  soils.  Some  are  very  use- 
ful, others  are  injurious,  while  many  are  apparently 
neither. 
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(i)  Distribution, — In  fertile  soils  bacteria  are  exceed- 
ingly numerous ;  in  dry,  sandy  soils  and  those  containing 
no  humus,  their  numbers  are  few.  At  the  surface  of  soils, 
there  are  comparatively  few  bacteria ;  in  the  upper  layer, 
just  beneath  the  surface,  there  are  many,  while  three  feet 
down  there  are  only  a  few,  and  practically  none  below  five 
or  six  feet.  In  open  soils  that  permit  free  circulation 
of  air,  such  as  sandy  soils  and  sandy  loams,  those  organ- 
isms abound  that  require  air  (aerobic),  while  in  heavy 
clay  soils,  in  which  circulation  of  air  is  limited,  aerobic 
bacteria  are  not  abundant  but  rather  those  that  thrive  in 
the  absence  of  air  (anaerobic).  Other  conditions  influ- 
ence the  kind  and  number  of  bacteria  in  soils,  such  as 
food  supply,  altitude,  exposure,  plant  growth,  methods 
and  extent  of  cultivation,  kinds  of  fertilizers  applied, 
drainage,  liming,  crop-rotation,  supply  of  organic  mater, 
etc.  Crops  with  heavy  foliage,  such  as  cabbage,  beets,  etc. 
by  shading  the  soil,  affect  conditions  of  temperature, 
moisture  and  light  diflFerently  from  such  crops  as  wheat. 
Generally  speaking,  bacteria  are  found  most  abundantly 
in  the  soil  where  there  is  vegetable  matter  to  furnish  food, 
provided  the  other  conditions  of  chemical  and  physical 
environment  are  favorable  to  their  existence. 

(2)  Changes  produced. — Soil  bacteria  effect  important 
changes  in  the  plant-food  constituents  of  the  soil,  both 
mineral  and  organic.  They  are  also  instrumental  in  mak- 
ing atmospheric  nitrogen  available  as  plant-food.  Some 
bacteria  also  convert  available  forms  of  plant-food  into 
less  available  condition.  The  effects  of  various  kinds  of 
soil  bacteria  instrumental  in  producing  important 
changes  in  plant-food  will  be  discussed  under  the  follow- 
ing divisions : 

1.  Changes  in  the  organic  soil  constituents. 

2.  Fixation  of  atmospheric  nitrogen. 

3.  Changes  in  the  mineral  soil  constituents. 
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CHANGES  IN  ORGANIC  SOIL  CONSTITUENTS 

Of  the  so-called  organic  constituents,  carbon,  hydro- 
gen and  oxygen  are  obtained  from  the  air  either  directly 
or  indirectly  (p.  16)  without  the  intervening  action  of 
bacteria,  at  least  to  any  appreciable  extent,  so  far  as  we 
now  know.  But  the  nitrogen  of  the  air,  as  such,  is  not 
directly  available  for  the  feeding  of  plants,  although  it 
constitutes  the  sole  and  original  source  of  supply.  The 
means  of  changing  portions  of  atmospheric  nitrogen  into 
plant-food  material  have  depended  largely  upon  bacteria. 
The  nitrogen  thus  originally  obtained  from  the  air  has 
been  transformed  into  plant  and  animal  tissues  and  these 
have  gone  into  the  soil,  there  to  be  acted  upon  by  micro- 
organisms, largely  bacteria,  and  worked  over  into  forms 
which  plants  can  use  again  as  food.  The  changes  by 
which  plant  and  animal  substances  are  made  useful  in 
the  soil  as  sources  of  available  plant-food  are  not  only 
highly  interesting  but  extremely  important  in  their  appli- 
cations to  practical  crop  growing.  Thus,  the  conversion 
of  the  vegetable  matter  of  green  crops,  of  roots,  and  of  all 
vegetable  waste  material  into  soil  humus  depends  chiefly 
upon  the  action  of  bacteria  (pp.  120-125).  Likewise,  the 
fermenting  or  rotting  process  by  which  the  animal  and 
vegetable  materials  in  farm  manures  are  profoundly 
changed  in  composition  is  due  chiefly  to  the  work  of  bac- 
teria. The  bacterial  changes  produced  in  organic  matter 
are  largely  in  the  direction  of  converting  insoluble  into 
soluble  plant-food  material.  These  various  changes  will 
be  considered  under  the  following  subdivisions:  (i) 
Decomposition,  (2)  ammonification,  (3)  nitrification, 
(4)  denitrification. 

Decomposition. — ^The  term,  decomposition,  is  used  here 
to  cover  those  chemical  and  physical  changes  which 
vegetable  and  animal  matter  undergo  when  their  very 
complex  compounds  (proteins,  carbohydrates,  etc.)  are 
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changed  into  simpler  compounds  under  the  action  of 
various  living  organisms,  especially  bacteria.  The  proc- 
esses of  bacterial  decomposition  vary  greatly,  depending 
on  the  kind  of  organic  substance  and  various  other  con- 
ditions, but  especially  on  the  presence  or  absence  of  air ; 
they  may  be  divided  into  two  general  kinds:  (i)  Decom- 
position in  air  (aerobic),  commonly  known  as  decay; 
and  (2)  decomposition  away  from  air  (anaerobic),  usually 
called  putrefaction. 

These  processes  are  not  simple  either  in  respect  to  the 
number  of  chemical  changes  taking  place  or  the  variety 
of  different  species  of  bacteria  taking  part.  We  can 
simply  outline  the  general  results.  Before  considering 
the  processes  of  decomposition  in  further  detail,  it  may 
add  to  the  clearness  of  our  understanding  if  we  first  call 
attention  to  the  general  classes  of  compounds  present  in 
organic  matter,  and  especially  vegetable  matter,  which 
forms  so  large  a  part  of  the  organic  matter  of  soils. 
Vegetable  matter  may  be  regarded  for  our  purpose  as 
being  made  up  in  large  part  of  the  following  general 
classes  of  compounds : 

(a)  Non-nitrogenous  organic  compounds,  containing 
the  elements,  carbon,  hydrogen  and  oxygen,  which  include 
(i)  carbohydrates  (cellulose,  starch,  sugar,  etc.),  (2) 
oils,  and  (3)  organic  acids. 

(b)  Proteins,  which  contain  nitrogen  as  a  distinctive 
constituent,  in  addition  to  carbon,  hydrogen  and  oxygen ; 
in  many  proteins  sulphur  is  also  present  in  small 
amounts,  and  phosphorus  is  a  constituent  of  several. 

(c)  Mineral  constituents  (compounds  of  potassium, 
phosphorus,  calcium,  magnesium,  sulphur,  sodium  and 
chlorine),  which  are  always  present  in  small  amounts  in 
organic  matter. 

We  will  now  notice  what  chemical  changes  in  general 
take  place  in  these  classes  of  compounds,  when,  for 
example,  a  vegetable  substance  undergoes  decomposition 
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in  air  (decay)  and  out  of  air  (putrefaction).  The  char- 
acter of  the  chemical  changes  produced  by  each  process 
is  very  different. 

(l)  Decay  or  decomposition  in  presence  of  air  (aerobic). 
When  leaves  or  grasses  fall  upon  the  ground,  they  are 
in  contact  with  an  abundance  of  air  and  in  time  undergo 
aerobic  decomposition.  The  organic  materials  go  through 
a  slow  process  of  burning,  or  union  with  oxygen,  and  in 
time  disappear  in  the  form  of  gases,  leaving  finally  about 
the  same  cojistituents  that  would  be  found  in  the  ashes 
formed  by  rapidly  burning  the  same  materials.  When 
the  process  is  complete  no  trace  of  organic  matter 
remains.  Going  somewhat  more  into  detail^  the  following 
changes  occur : 

(a)  Non-nitrogenous  organic  compounds  (the  carbo- 
hydrates, oils  and  organic  acids),  (i)  The  carbohy- 
drates, sugar  and  starch,  are  decomposed  quite  rapidly  by 
various  kinds  of  bacteria  and  fungi,  being  converted  into 
different  intermediate  simpler  compounds,  among  which 
are  some  well-known  organic  acids,  such  as  acetic,  the 
characteristic  acid  of  vinegar.  But  whatever  intermediate 
changes  occur,  the  final  products  of  decay  are  carbon 
dioxide  and  water.  (2)  Cellulose,  the  carbohydrate  that 
constitutes  the  bulk  of  vegetable  cell-walls,  is  less  quickly 
attacked  by  decay  bacteria  than  are  sugar  and  starch. 
While  there  are  several  species  of  aerobic  bacteria  which 
can  dissolve  cellulose,  some  fungi  (p.  230)  are  also  ca- 
pable, of  doing  the  same,  and,  under  ordinary  conditions, 
the  decay  of  cellulose  is  due  to  the  combined  action  of 
fungi  and  aerobic  bacteria,  mainly  through  enzyms.  The 
intermediate  and  final  products  of  the  decay  of  cellulose 
are  much  the  same  as  those  of  sugar  and  starch.  In  con- 
nection with  the  decay  of  vegetable  matter  in  both  soils 
(p.  125)  and  manure  piles  (p.  313),  the  dissolving  of  the 
tough  cellulose  covering  of  the  cells  is  a  matter  of  prac- 
tical value,  because  it  sets  free  the  various  carbohydrate 
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and  nitrogenous  food  constituents  contained  in  the  cells 
and  makes  them  accessible  to  other  bacteria.  (3)  Oils 
are  changed  into  acids  and  these  finally  into  carbon 
dioxide  and  water.  (4)  Organic  acids  ultimately  form 
carbon  dioxide  and  water.  Some  of  the  intermediate 
decomposition  products  of  the  non-nitrogenous  organic 
compounds  are  used  as  food  by  other  bacteria. 

(b)  Proteins.  When  protein  compounds  decay  they 
form  a  succession  or  series  of  simpler  nitrogen-containing 
compounds  (  (i)  albumoses  or  proteoses,  (2)  peptones 
or  peptids  and  (3)  amino  acids)  ;  sooner  or  later  the 
nitrogen  passes  into  the  form  of  ammonia  (ammonifica- 
tion,  p.  203)  with  more  or  less  formation  of  free  nitrogen 
according  to  conditions  of  fermentation.  The  carbon, 
oxygen  and  hydrogen  of  proteins  are  finally  converted 
into  carbon  dioxide  and  water,  the  sulphur  into  sulphuric 
acid  and  the  phosphorus  into  phosphoric  acid. 

(c)  Mineral  constituents  originally  present  in  vege- 
table matter  are  left  as  a  residue,  comparable  to  ashes, 
mainly  in  the  form  of  calcium,  magnesium,  potassium, 
sodium,  etc.,  salts,  such  as  phosphate,  sulphate,  carbon- 
ate and  chloride. 

(2)  Putrefaction  or  decomposition  in  absence  of  air 
(anaerobic). — Bacteria,  entirely  different  in  kind  from  those 
causing  decay  and  different  also  in  the  results  of  chemical 
change  produced,  are  responsible  for  the  process  of  pu- 
trefaction. This  process  applied  to  organic  matter  in  soils 
is  known  as  humification.  The  general  differences  in  the 
results  of  the  two  processes  can  be  embraced  under  the 
following  statements : 

(a)  Putrefactive  process  slower.  The  chemical 
changes  of  putrefaction  are  slower  than  those  of  decay. 
This  IS  shown  by  the  difference  in  the  rate  of  decompo- 
sition in  organic  matter  in  loose,  as  compared  with  close, 
soils,  or  at  the  surface  of  a  soil  as  compared  with  that  at 
considerable  depths,  or  on  the  outside  of  a  compacted 
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manure  pile  as  compared  with  the  inside,  or  in  a  well- 
drained,  as  compared  with  a  water-logged,  soil. 

(b)  Chemical  changes  less  complete.  In  putrefaction 
the  chemical  changes  do  not  go  so  far  as  in  decay;  the 
complex  organic  compounds,  whether  nitrogenous  or  non- 
nitrogenous,  are  not  so  completely  decomposed  into  very 
simple  compounds.  While  some  carbon  dioxide,  water 
and  ammonia  are  formed,  the  carbon,  hydrogen,  oxygen 
and  nitrogen  are  more  largely  found  in  the  form  of  inter- 
mediate compounds  of  considerable  complexity  of  com- 
position, as  illustrated  by  the  dark-colored  compounds 
present  in  soil  humus  (p.  117). 

(c)  Putrefactive  products  resistant  to  further  change. 
The  dark-colored,  intermediate  organic  compounds 
formed  by  putrefaction  are  not  easily  decomposed  by 
other  bacteria,  even  when  exposed  to  air,  as  already 
explained  in  connection  with  organic  matter  in  soils 
(p.  122). 

(d)  Offensive  and  poisonous  compounds.  Many  of 
the  compounds  formed  by  the  putrefaction  of  organic 
matter,  and  particularly  of  nitrogenous  substances  con- 
taining sulphur  and  phosphorus,  are  peculiarly  offensive 
in  odor,  and  many  of  them  are  poisonous,  among  which 
are  the  following  compounds:  Hydrogen  sulphide  or 
gaseous  sulphureted  hydrogen  (H2S),  phosphine  or 
gaseous  phosphureted  hydrogen  (PH3),  skatol  and  indol 
(furnishing  characteristic  odors  in  human  excrements), 
etc.  These  compounds  as  well  as  many  other  putrefac- 
tive products  are  poisonous. 

(e)  Difference  in  gases  formed.  While  in  putrefac- 
tion there  are  formed  some  of  the  same  gases  that  are 
formed  by  decay,  such  as  carbon  dioxide,  water,  ammonia 
and  nitrogen,  they  are  formed  in  much  smaller  amount, 
while  other  gases  are  present  which  do  not  occur  appre- 
ciably, if  at  all,  in  decay,  such  as  marsh  gas  (CH4),  phos- 
phine, hydrogen  sulphide,  etc. 
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The  general  process  of  decomposition  of  organic  mat- 
ter in  soils,  whether  decay  or  putrefaction,  is  one  of 
extreme  complexity,  owing  to  the  variety  of  conditions 
which  influence  one  or  another  kind  of  bacterial  activity. 
In  each  kind  of  decomposition  many  different  kinds  are 
at  work  at  one  time  or  another.  While  the  chemical 
changes  during  the  processes  of  decomposition  go 
through  a  certain  kind  of  orderly  progression,  we  find 
many  of  the  changes  in  the  different  classes  of  com- 
pounds going  on  at  the  same  time  under  the  action  of 
many  different  kinds  of  bacteria,  working  approximately 
side  by  side,  the  products  of  some  retarding  or  hastening 
the  activity  of  others.  The  most  that  we  can  hope  to  do 
profitably  here  is  to  call  attention,  as  we  have  done,  to 
the  general  character  of  the  process  and  the  final  results, 
in  so  far  as  they  have  some  application  to  questions  of 
crop-feeding. 

Ammonification  is  a  term  applied  to  the  general  process 
by  which  organic  or  protein  nitrogen  is  converted  into 
ammonia.  We  have  already  seen  that,  in  the  decomposi' 
tion  of  organic  matter,  the  nitrogen  compounds  are 
sooner  or  later  changed  into  ammonia  partly  or  com- 
pletely ;  and  we  can,  therefore,  regard  ammonification  as 
essentially  the  process  of  decomposition,  limited  to  pro- 
tein compounds,  under  conditions  favorable  to  the  forma- 
tion of  ammonia,  this  product  being  the  result  of  the  last 
stage  of  the  decomposition  of  nitrogen-containing  organic 
compounds  or  proteins.  The  production  of  ammonia 
from  proteins  or  their  decomposition  products  is  accom- 
plished by  many  kinds  of  bacteria,  known  comprehen- 
sively as  ammonifying  bacteria ;  some  of  them  are  aerobic, 
others  anaerobic.  The  various  kinds  differ  in  their  chemi- 
cal processes  and  rapidity  of  action  in  producing  ammonia 
from  proteins  and  their  derived  products.  The  formation 
of  ammonia  from  organic  nitrogen  compounds  in  soils 
depends  upon  a  variety  of  conditions,  such  as  the  kind  of 
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protein,  the  kind  of  soil  bacteria,  and  all  the  physical  and 
chemical  conditions  that  modify  or  influence  their  activ- 
ity. The  bacteria  causing  ammonification  are  usually 
abundant  in  air,  rain-water,  stables,  manure  piles 
and  surface  soils.  The  conversion  of  organic  nitrogen 
inta  ammonia  is  one  of  extreme  importance  in  the  grow- 
ing of  crops,  because  upon  this  depends  the  formaton  of 
nitrate  nitrogen  in  soils.  While  some  agricultural  plants 
appear  to  be  able  to  use  compounds  of  ammonia  as  food 
directly,  it  is  generally  believed  that  the  most  effective 
form  of  nitrogen  as  a  direct  source  of  plant-food  is  the 
nitrate. 

Nitrification  is  the  name  given  to  the  bacterial  process 
by  which  nitric  acid  (HNO3)  or  nitrate  nitrogen,  is 
formed.  The  term  is  ordinarily  used  in  its  broadest  sense 
to  indicate  the  conversion  of  organic  nitrogen  into  nitrate, 
and,  therefore,  when  so  used,  it  includes  the  process  of 
ammonification.  It  is  also  used  in  a  more  limited  sense 
to  indicate  the  conversion  of  ammonia  into  nitrate.  In 
any  case,  ammonia  is  the  form  of  nitrogen  directly  used 
in  the  process  of  nitrification,  and  it  is  the  production  of 
nitrate  nitrogen  from  ammonia  that  now  remains  for  us 
to  study.  We  will  consider  the  following  points:  (i) 
The  chemical  changes  and  (2)  the  character  of  the  bac- 
teria. 

(i)  Chemical  changes  of  nitrification. — ^The  conversion 
of  ammonia  into  nitric  acid  takes  place  as  the  result  of 
two  distinct  bacterial  chemical  operations,  one  kind  of 
bacteria  being  responsible  for  the  first  operation  and 
another  for  the  second.  These  two  chemical  operations 
consist  of  (i)  the  change  of  ammonia  into  nitrous  acid 
(HNO2)  or  nitrite  nitrogen  and  (2)  the  change  of  nitrous 
acid  into  nitric  acid  (HNO3)  or  nitrate  nitrogen,  which 
for  our  purpose  may  be  represented  as  follows : 


RELATIONS  OF  MICROORGANISlifS  TO  PLANT-FOOD      205 

17  48  47  18 

(1)       NHs      +       30       ••       HN09      -I-       HsO 
Anunoam       Oxygen        Nitrtmsadd         Water 

47  16  63 

CO  HN09      +       O       •       HN08 

Nitrous  acid       Oxygen        Nitrie  add 

These  reactions  show  that  the  process  of  nitrification  is, 
chemically,  one  of  adding  oxygen  to  nitrogen,  or  what  is 
commonly  called  an  oxidation  process.  In  the  production 
of  nitrous  acid  from  ammonia,  one  pound  of  nitrogen  in 
ammonia  combines  with  about  2.3  pounds  of  oxygen  and, 
in  the  final  stage  of  nitrification,  about  1.15  pounds  more 
of  oxygen  will  be  added  to  produce  nitric  acid ;  or,  stated 
in  another  way,  i  pound  of  nitrogen  in  ammonia  com- 
bines with  about  3.5  pounds  of  oxygen  in  forming  nitric 
acid.  Stated  on  the  basis  of  ammonia,  instead  of  nitro- 
gen alone,  i  pound  of  ammonia  is  capable,  in  nitrification, 
of  producing  2.75  pounds  of  nitrous  acid  and  3.7  pounds 
of  nitric  acid.  It  will  be  observed  that  the  addition  of 
oxygen  has  the  effect  of  diluting  the  nitrogen,  or  reduc- 
ing its  percentage,  as  shown  by  comparing  the  percentage 
of  nitrogen  in  ammonia  (82.35),  in  nitrous  acid  (29.8) 
and  in  nitric  acid  (22.2). 

As  shown  above,  the  final  product  of  nitrification  is 
free  nitric  acid  (HNO3).  In  a  soil  well  supplied  with 
calcium  carbonate,  the  nitric  acid  quickly  combines  with 
the  calcium  to  form  the  salt,  calcium  nitrate,  as  repre- 
sented by  the  following  reaction : 
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Therefore,  in  good  agricultural  soils,  the  nitric  acid  is 
present  as  a  salt  of  calcium  or,  it  may  be,  of  potassium 
(KNO3),  or  of  magnesium  (Mg(N03)2),  or  of  sodium 
(NaNOa),  according  to  special  chemical  conditions 
present  in  a  soil. 
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It  is  to  be  kept  in  mind  that  the  nitrification  process 
results  in  producing  an  acid,  which  calls  for  some  con- 
stituent  to  combine  with  and  neutralize  the  acid  proper- 
ties, if  the  best  conditions  for  further  formation  of  nitrate 
nitrogen  and  for  the  growth  of  plants  are  to  be  main-  • 
tained.  For  example,  each  pound  of  nitric  acid  formed 
calls  for  nearly  a  pound  of  calcium  carbonate. 

(2)  Character  of  bacteria  of  nitrification, — ^The  nitrous 
feiments,  or  bacteria  capable  of  changing  ammonia  into 
nitrous  acid,  are  known  under  the  names  nitroso-monas 
and  nitrosO'Coccus. 

The  nitric  ferments,  or  bacteria  that  effect  the  change 
of  nitrous  acid  (HNO2)  into  nitric  acid  (HNO3),  are 
known  under  the  name  of  nitro-bacter.  These  two  groups 
are  together  often  called  nitrifying  bacteria  or  nitrifiers. 

The  nitrous  and  nitric  organisms  appear  to  be  influ- 
enced, in  large  measure,  by  the  same  conditions,  favor- 
able and  unfavorable,  and,  therefore,  are  usually  found 
working  together,  because  nitrous  acid,  almost  as  rap- 
idly as  it  is  formed  from  ammonia,  is  changed  into  nitric 
acid ;  and  it  is  only  under  abnormal  soil  conditions  that 
we  find  appreciable  amounts  of  nitrous  acid. 

It  may  be  added  here  that  there  has  been  recently 
reported  the  discovery  of  a  micro-organism  that  can  con- 
vert ammonia  directly  into  nitric  acid  without  the  inter- 
mediate formation  of  nitrous  acid. 

Nitrifying  bacteria  are  found  in  all  cultivated  soils,  in 
water,  in  manure,  and  in  sewage.  They  are  not  abundant 
in  soils  that  are  either  excessively  poor  or  excessively 
rich  in  organic  matter  as,  for  example,  in  forest  soils, 
muck  deposits,  arid  deserts,  etc.  It  is  an  interesting  fact 
that  in  soils  of  high  productive  power  the  nitrifying 
ability  of  the  bacteria  is  often  greater  than  in  the  case  of 
the  nitrifying  bacteria  from  soils  of  less  productive  power. 

While  much  remains  to  be  learned  in  regard  to  the 
conditions  under  which  nJtrifying  bacteria  work  with 
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greatest  efficiency,  we  know  many  facts  regarding  the  soil 
conditions  that  favor  or  retard  the  process.  It  is  a  matter 
of  practical  importance  to  know  something  of  these  con- 
ditions and^  we  shall,  therefore,  briefly  consider  the  fol- 
lowing points  in  this  connection:  (a)  Location,  (b)  mois- 
ture, (c)  food,  (d)  oxygen,  (e)  temperature,  (f)  light, 
(g)  non-acid  condition. 

(a)  Location.  Nitrifying  bacteria  are  most  numerous 
in  the  upper  layers  of  soils,  because  the  conditions  are 
there  most  favorable  for  their  growth.  Probably  two- 
thirds  of  the  nitrate  nitrogen  produced  in  soils  is  in  the 
first  foot  of  the  upper  surface  and  the  remainder  is  in  the 
next  foot  below.  The  depth  at  which  these  bacteria  occur 
depends  upon  the  looseness  and  warmth  of  the  soil. 

(b)  Moisture.  In  a  dry  soil  nitrification  does  not  take 
place.  Therefore,  in  periods  of  drouth,  this  important 
process  is  apt  to  cease  in  the  upper  layers  of  soil.  In  a 
wet  soil,  on  the  other  hand,  where  water  is  stagnant,  this 
process  does  not  occur  actively. 

(c)  Food.  The  nitrogen  of  organic  matter  in  soils 
forms  the  primary  source  of  nitrogenous  food  for  the  ni- 
trify ing  bacteria ;  in  the  more  limited  sense  of  nitrification, 
ammonia  constitutes  the  nitrogen  food  supply.  The 
complete  absence  of  organic  nitrogen  does  not  stop  the 
process  of  nitrification  so  long  as  there  is  a  supply  of 
ammonia.  It  is  possible,  however,  to  have  so  much 
soluble  organic  nitrogen  present  that  the  nitrifying 
organisms  will  stop  growing,  as  in  the  case  of  a  manure 
pile.  An  excess  of  soluble  carbohydrate  material  also 
interferes  with  their  activity.  In  cultivated  soils  we 
rarely  find  so  much  organic  matter  present  as  to  inter- 
fere with  the  process  of  nitrification,  even  when  applica- 
tions of  20  tons  of  farm  manure  per  acre  are  applied  two 
or  three  years  in  succession;  interference  may  happen 
in  greenhouse  and  market-garden  soils,  where  immense 
applications  of  stable  manure  (50  to  100  tons  an  acre) 
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are  often  made.  The  use  of  sewage-irrigation  also  fur- 
nishes a  striking  illustration  of  the  effect  of  soluble 
organic  materials  on  nitrification.  Phosphoric  acid  com- 
pounds are  also  essential  for  the  satisfactory  growth  of 
these  organisms  and  probably  also  potassium  and  other 
mineral  compounds. 

(d)  Oxygen.  It  has  been  already  pointed  out  that  the 
process  of  forming  nitrous  and  nitric  acids  from  ammonia 
consists  essentially  in  adding  oxygen  to  nitrogen  in 
chemical  combination.  Hence,  nitrifying  organisms  can- 
not work  vigorously  without  a  generous  supply  of  air. 
For  this  reason  they  are  most  abundant  in  those  layers 
of  the  soil  where  there  is  most  air.  Water-saturated  soils 
prevent  nitrification  by  shutting  off  the  air.  Limited  air 
supply  is  one  of  the  important  factors  which  explains 
slow  nitrification  on  heavy  sod  land  and  in  clay  soils. 
All  operations  connected  with  the  cultivation  of  soils 
greatly  promote  the  change  of  ammonia  into  nitrate  nitro- 
gen, because  the  oxygen  of  the  air  is  brought  into  closer 
contact  with  the  nitrifying  bacteria. 

(e)  Temperature.  Nitrifying  bacteria  are  most  active 
between  the  temperatures  of  54®  and  99**  F.  (12**  and 
37**  C).  The  process  may  go  on  slowly  as  low  as  37° 
F.  (3**  C.)  and  as  high  as  120**  F.  (49**  C).  Activity 
rapidly  increases  with  rise  of  temperature  above  54**  F. 
(12*^  C),  so  that  at  99**  F.  (37°  C.)  nitrification  takes 
place  about  ten  times  as  rapidly  as  at  54**  F.  (12®  C). 
In  northern  latitudes,  nitrification  slows  down  during 
the  fall  and  stops  during  the  winter,  starting  up  again 
in  spring  and  becoming  most  active  during  midsummer. 
In  warm  climates,  the  process  continues  at  all  times  of 
year.  Crops  start  earlier  in  spring  on  light  soils  because 
the  greater  warmth  of  such  soils  favors  the  more  rapid 
formation  of  nitrate,  which  promotes  early  growth  of 
crops. 
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(f)  Light.  Darkness  is  essential  to  the  activity  of 
nitrifying  bacteria,  since  the  direct  rays  of  sunshine 
destroy  bacterial  life.  These  organisms  are,  therefore,  not 
found  on  the  exposed  surface  of  soils  as,  for  example, 
on  the  surface  of  bare  fields.  They  are  more  active  in 
soil  shaded  by  growing  crops  than  in  unprotected 
soil.  Nitrification  is  promoted  on  warm  nights,  and  in 
warm  dark  places,  as  under  boards,  stones,  etc. 

(g)  Non-acid  condition.  Nitrifying  bacteria  are 
extremely  sensitive  to  acids,  which  act  injuriously  like 
poisons  on  these  organisms.  We  have  seen  that  the  final 
product  of  nitrification  is  free  nitric  acid,  which,  if 
allowed  to  accumulate  without  being  neutralized,  stops 
further  nitrification.  Similarly,  in  the  presence  of  any 
other  free  acid,  nitrifying  bacteria  fail  to  work.  Nitrifi- 
cation cannot,  for  this  reason,  take  place  in  acid  or  sour 
soils.  In  order  that  there  may  be  no  accumulation  of  free 
nitric  or  other  acids  in  soils,  it  is  absolutely  necessary 
that  there  shall  be  an  abundance  of  some  basic  com- 
pounds, which  can  unite  with  the  free  acids  and  form 
salts  that-  do  not  act  injuriously  on  nitrifying  organisms. 
The  compound  most  available  for  neutralizing  acids  is 
calcium  carbonate,  though  the  carbonates  of  magnesium, 
potassium,  sodium,  etc.,  are  efficient  when  present. 
With  calcium  carbonate  and  nitric  acid,  there  are  formed 
calcium  nitrate,  carbon  dioxide  and  water  (p.  205). 
Such  compounds  as  nitrate  of  calcium,  magnesium, 
sodium,  etc.,  even  when  present  in  considerable  quanti- 
ties, are  not  injurious  to  nitrifying  bacteria.  It  is,  there- 
fore, highly  important  to  keep  agricultural  soils  well 
provided  with  acid-neutralizing  or  basic  materials  in 
order  to  favor  the  formation  of  nitrate  nitrogen.  When 
slaked  lime  (calcium  hydroxide)  is  applied  to  soils  in 
amounts  so  large  as  to  make  the  reaction  of  the  soil  solu- 
tion distinctly  alkaline,  the  action  of  nitrifying  bacteria 
is  suspended  for  a  while,  but  it  will  begin  again  when  the 
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calcium  hydroxide  has  been  changed  into  carbonate  and 
the  alkaline  condition  thereby  changed  to  neutral. 

Denitrification. — The  bacterial  process  of  denitrifica- 
tion,  chemically  considered,  produces  results  just  the 
reverse  of  those  produced  by  nitrification.  Nitrification, 
as  we  have  seen,  is  an  oxidation  process;  it  consists  in 
adding  oxygen  to  nitrogen,  by  which  there  is  first  formed 
nitrous  acid  and  then  nitric  acid.  Denitrification,  on  the 
other  hand,  is  a  deoxidation  or  reduction  process;  it  con- 
sists in  taking  oxygen  away  from  nitric  acid  (HNO3),  by 
ivhich  there  is  first  formed  nitrous  acid  (HNO2)  and 
then  either  ammonia  (XH3)  or  free  nitrogen  gas  (N). 
There  is  also  another  form  of  denitrification  by  which 
oxygen  is  removed  and  the  nitrate  nitrogen  is  changed 
into  insoluble  organic  nitrogen  compounds  or  proteins. 
These  three  general  forms  may,  for  our  purpose,  be  rep- 
resented in  the  following  general  manner: 

(1)  Destructive  denitrification:  (a)  Nitric  acid 
(HNO3),  (b)  nitrous  acid  (HNO2),  (c)  nitrogen  gas 
(N). 

(2)  Partial  decomposition:  (a)  Nitric  acid  (HNO3), 
(b)  nitrous  acid  (HNOo),  (c)  ammonia  (NH3). 

(3)  Conversion  into  organic  nitrogen  compounds:  (a) 
Nitric  acid  (HNO3),  (b)  protein  compounds. 

The  term  denitrification  strictly  applies  only  to  the 
first  or  destructive  form,  the  process  by  which  nitrate 
nitrogen  is  changed  into  uncombined  or  free  nitrogen  gas, 
which  in  this  form  is  lost  as  plant-food  to  soil  and  crops. 
When  nitrate  nitrogen  is  converted  into  nitrous  acid  or 
ammonia  or  organic  nitrogen,  these  compounds  remain  in 
the  soil,  and,  luider  favorable  conditions,  are  again  changed 
back  into  nitrate  nitrogen. 

Quite  generally  in  soils  and  in  animal  manures  and  on 
straw  there  are  found  several  different  kinds  of  bacteria 
which  have  the  power  to  cause  decomposition  of  nitrate 
nitrogen  in  one  of  the  ways  mentioned.    It  is  desirable  to 
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know  something  of  the  conditions  under  which  the 
destructive  form  occurs  and  thus  learn  how  we  may  avoid 
large  losses  of  nitrate  nitrogen.  Two  general  conditions 
favor  the  process  of  denitrification :  (i)  Lack  of  air  and 
(2)  superabundance  of  soluble  organic  matter. 

(i)  Lack  of  air  in  relation  to  denitrification. — Denitrify- 
ing bacteria  require  some  oxygen  for  their  activity,  and 
when  this  need  is  not  supplied  by  air,  they  take  the  nitro- 
gen from  the  nitrates  in  the  soil.  This  fact  affords  an 
explanation  of  the  destruction  of  nitrate  nitrogen  in  the 
lower  layers  of  soils,  as  well  as  in  surface  soils  that  are 
saturated  with  stagnant  water.  It  explains  also  why 
heavy,  compact  soils  tend  to  suffer  loss  from  denitrifica- 
tion to  a  greater  extent  than  open,  sandy  loams.  Of 
course,  no  denitrification  can  occur,  even  in  the  absence 
of  air,  when  the  soil  contains  no  nitrate  and  no  readily 
decomposable  organic  matter.  Any  condition  that  pro- 
motes circulation  of  air  in  soils,  such  as  thorough  tillage, 
good  drainage  and  application  of  lime,  diminishes  the 
danger  of  denitrification.  In  the  use  of  fertilizers  it  is 
obvious  that  the  application  of  a  nitrate  to  a  soil  in  which, 
for  any  reason,  the  supply  of  air  is  deficient  is  in  danger 
of  being  followed  by  destruction  of  the  nitrate  nitrogen 
and  loss  as  free  nitrogen. 

(2)  Superabundance  of  organic  matter  in  relation  to 
denitrification. — An  important  condition  for  active  denitri- 
fication is  the  presence  of  an  abundant  supply  of  soluble 
organic  matter  in  soils.  When  large  amounts  of  nitrate 
are  applied  to  soils  along  with  an  excessive  quantity  of 
fresh  farm  manure,  there  is  likely  to  be  large  loss  of 
nitrate  by  denitrification.  Similar  loss  may  come  from 
plowing  under  heavy  crops  of  green-manures.  At  one 
time  it  was  supposed  that  the  losses  of  nitrate  through 
denitrification  were  rather  common  under  usual  agricul- 
tural conditions,  but  recent  investigations  have  shown 
that  extensive  losses  of  soil  nitrate  from  denitrification 
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need  not  be  feared  under  ordinary  conditions  of  practice, 
provided  good  drainage  and  tillage  are  maintained.  Gen- 
erous applications  of  partly  rotted  farm  manure  along 
with  nitrate  may  cause  no  loss  when  the  soil  is  kept  well 
supplied  with  air.  Denitrification  becomes  a  source  of 
serious  loss  only  under  certain  conditions,  as  when  a  large 
amount  of  nitrate  is  applied  to  undrained  or  sour  land,  or 
when  used  with  excessive  amounts  of  fresh  farm  manure, 
or  whenever  large  amounts  of  fresh  organic  matter  accu- 
mulate in  the  soil. 

Before  leaving  the  subject  of  denitrification,  it  may  be 
well  to  say  something  more  about  the  conversion  of  solu- 
ble nitrogen  compounds  (nitrate,  nitrite,  ammonia, 
organic  compounds)  into  insoluble  organic  form,  though 
this  process  is  not  regarded  as  one  of  denitrification 
proper.  All  bacteria,  like  other  plants,  require  some 
nitrogen  as  an  essential  constituent  of  their  bodily  sub- 
stance. In  supplying  this  need,  they  take  soluble  nitro- 
gen compounds  and  convert  them  into  the  insoluble 
organic  substances  which  form  part  of  their  bodies.  It 
is  inevitable,  therefore,  when  such  processes  as  decay, 
putrefaction,  ammonification,  nitrification,  denitrification 
and  many  others  are  going  on  actively  in  soils,  that  the 
bacteria  increase  in  large  numbers  and  that  all  these 
organisms  are  appropriating  for  the  growth  of  their  own 
bodies  soluble  nitrogen  compounds  which  are  changed 
into  insoluble  organic  nitrogen  compounds.  Under  favor- 
able conditions  of  growth,  the  enormous  increase  of  bac- 
teria present  in  a  soil  may  in  this  way  render  insoluble 
fairly  large  amounts  of  soluble  nitrogen.  Nitrogen  which 
is  thus  taken  from  soluble  forms  is  held  for  the  most 
part  until  the  bacteria  die  and  their  bodies  go  through  the 
process  of  decomposition,  yielding  again  ammonia  and 
nitrate.  This  process  is  one  that  may  be  desirable  under 
conditions  where  considerable  nitrate  accumulates  in  a 
soil  and  is  in  danger  of  leaching  before  being  used  by 
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crops.  The  change  of  nitrate  into  insoluble  organic  com- 
pounds then  serves  to  hold  it  for  future  use  and  de- 
creases loss  by  leaching. 


FIXATION  OF  ATMOSPHERIC  NITROGEN 


We  have  seen  that  certain  kinds  of  bacteria  have  the 
power  of  changing  various  nitrogen  compounds  in  soils 
into  nitrate  nitrogen 
by  the  process  of 
nitrification.  Nitrifica- 
tion does  not,  however, 
increase  the  total 
amount  of  nitrogen 
present  in  a  soil.  The 
amount  of  nitrate  pro- 
duced is  strictly  lim- 
ited to  the  amount  of 
nitrogen  compounds  in 
the  soil;  no  more 
nitrogen  is  present  in 
the  soil  after  than  he- 
fore  the  process.  The 
form  of  combination  is 
changed;  that  is  all. 
But  there  are  other 
kinds  of  bacteria  which 
have  the  ability  to 
add  nitrogen  to  the 
soil's  supply  by  tak- 
ing the  gaseous  atmos- 
pheric nitrogen  and 
transforming  it  into 
that    can    be    used    as 


which    atmospheric     nitrogen     gas 


Root-nodules,  characteristic  of  dif- 
ferent plants,  produced  by  nitrogen- 
6xinK  bacteria.  Bureau  of  Plant 
Industry,  U.  S.  Dept.  of  Acr. 

combined    forms    of    nitrogen 
pi  ant- food.      The    process    by 


converted    into 


214 


FERTILIZERS  AND  CROPS 


organic  nitrogen  compotinds,  tiseful  as  planMood,  is 
known  as  nitrogen  fixaiion.  The  free  nitrogen  of  the 
atmosphere  can  undergo  fixation  through  the  action  of 
two  general  classes  of  nitrogen-fixing  or  nitrogen-gather- 
ing bacteria:  (i)  Those  bacteria  that  live  in  the  soil 
itself,  independent  of  the  presence  of  growing  plants,  and 
(2)  bacteria  that  are  dependent  upon  the  presence  of 
certain  higher  plants. 
living  and  working 
within  the  plant-roots 
Those  in  the  first  class 
are  known  as  non- 
symbiolic;  those  in  the 
second  class  as  symbi- 
otic. The  word  sym- 
biotic means  Ih'ing 
together  and  is  applied 
to  cases  where  two 
different  organisms 
live  together  in  mutual 
relations  that  are  of 
advantage  to  both.  We 
will  now  consider  in 
more  detail  the  char- 
acteristics of  both 
kinds  of  nitrogen  fixa- 
tion. 

Nitrogen  fixation  by 
independent  or  non- 
symbiotic  bacteria. — It  has  been  shown  that  soils  lying 
unused  either  without  any  vegetation  or  covered  with  grass, 
will  accumulate  appreciably  increased  amounts  of  nitrogen  in 
the  course  of  one  or  two  years.  This  fact  has  been 
explained  by  the  discovery  that  certain  bacteria  living 
in  soils  are  able  to  make  the  atmospheric  nitrogen  con- 
tained  in   the   soil    combine   with    other   elements    and 


Root-nodules,  characteristic  of 
alfalfa  and  vetch,  produced  by  nitro- 
gen-fixing bacteria.  Bureau  or 
Plant  Industry,  U.  S.  Dept.  of  Acr. 
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reniain  in  the  soil  in  a  stable  form.  Some  years  ago,  in 
Germany,  such  an  organism  was  placed  on  the  market 
under  the  name  of  "Alinit"  in  the  form  of  a  commercial 
culture,  v/hich  was  intended  to  be  used  to  inoculate  soils 
for  the  purpose  of  fixing  large  amounts  of  atmospheric 
nitrogen.  The  results 
of  its  use  were  thor- 
oughly disappointing 
in  practice,  although 
it  was  found  to  pro- 
mote the  decomposi- 
tion of  slow-acting 
compounds  of  nitro- 
^:n,  such  as  occur  in 
humus.  Much  remains 
to  be  learned  in  regard 
to  these  bacteria  be- 
fore we  can  make  in- 
telligent use  of  their 
ability  to  fix  nitrogen. 
So  far  as  we  now 
know,  they  do  not  ap- 
pear to  play  any  great 
part  in  providing  soils 
with  a  store  of  com- 
bined nitrogen.  It  is 
known  (i)  that  these 
orp^nisms  require  gen- 
eious  supply  of  car- 
bohydrate material, 
(2)  that  the  presence  of  calcium  01  magnesium  carbon- 
ate is  important,  (3)  that  some  soluble  phosphate  is 
also  needed,  and  (4)  that  the  organisms  are  injuriously 
affected  by  an  acid  condition. 

Nitrogen  fixation  by  dependent  or  symbiotic  bacteria. — 
The  practical  e-xperience  of  hundreds  of  years  led  farm- 


Root-nodulcs,  characteristic  of  dif- 
ferent plants,  produced  by  nitrogen- 
fixing  bacteria.  Bureau  of  Plant 
iNnusTRY,  U.  S,  Dept.  of  Agr. 
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crs  to  believe  that  leguminous  crops  (clovers,  alfalfa, 
beans,  peas,  etc.)  possess  some  peculiar  power  in  making 
succeeding  crops  g^ow  more  successfully.  This  belief 
has,  during  the  past  generation,  been  shown  to  have  a 
basis  in  fact.  We  can  now  explain  why  leguminous  crops 
are  of  such  value  as  has  been  claimed.  The  benefit 
noticed  was  first  traced  to  the  fact  that  the  amount  of 
nitrogen  in  a  soil  can  be  definitely  increased  by  the 
growth  of  leguminous  plants,  and  it  was  learned  also  that 
the  free  nitrogen  of  the  air  can  be  made  use  of  by  such 
plants.  Leguminous  plants  contain  in  both  tops  and 
roots  large  proportions  of  nitrogen  compounds,  as  com- 
pared with  most  other  plants.  It  has  been  shown  that 
the  ability  of  leguminous  plants  to  utilize  the  free  nitro- 
gen of  the  air  depends  upon  certain  kinds  of  bacteria, 
which  we  will  study  briefly  under  the  following  heads: 
( I )  Root-nodules  and  bacteria,  (2)  relation  of  bacteria  and 
legumes,  (3)  amount  of  nitrogen  taken,  (4)  varieties  of 
legume  bacteria,  (5)  conditions  of  action  of  legume  bac- 
teria, (6)  independent  action  of  legume  bacteria,  and 
(7)  nitrogen-fixing  root-nodules  in  relation  to  non- 
leguminous  plants. 

(i)  Root-nodules  and  bacteria. — If  we  carefully  remove 
from  the  soil  the  roots  of  a  vigorous  leguminous  plant,  we 
shall  usually  find  distributed  on  various  portions  of  the 
younger  roots  little  ball-like  bunches,  which  are  called 
nodules  or  tubercles.  They  vary  in  characteristic  size  and 
shape  on  diflFerent  kinds  of  plants.  For  example,  on  red 
clover,  they  are  quite  small  (from  the  size  of  a  pin-head 
to  that  of  a  pea)  and  more  or  less  ball-shaped,  while  on 
the  cowpea  and  soy-bean  they  are  much  larger,  and  on 
the  velvet-bean  they  may  even  reach  the  size  of  a  base- 
ball; on  vetches  they  vary  irregularly  in  both  size  and 
shape.  These  root  growths  were  noticed  and  described 
over  two  hundred  years  ago,  but  their  true  nature  was 
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not  understood  until  about  twenty-five  years  ago.    The 
nodules  have  been  shown   to  be  the  dwelling-place  of 
the  nitrogen-fixing  bacteria  characteristic  of  leguminous 
plants,  many  millions  of  bacteria  occupying  each  tuber- 
cle.   The  tubercles  are  not  only  the  dwelling-place  of 
bacteria,    but    they   are    the   direct    result   of   bacterial 
action ;  when  there  are 
no     legume     bacteria, 
there  are  no  root  nod- 
ules,  and   there    is   no 
utilization       of       free 
nitrogen  by  the  plant. 
The      legume      bac- 
teria     are      compara- 
tively common  in  soils, 
especially  where  legu- 
minous    crops      have 
grown   well ;   they   are 
found  also  in  the  wa- 
ter    of     streams     and 
lakes.      The      bacteria 
gain   an   entrance   into 
a    plant-root    by    first 
working      their      way 
through  the  thia  cell- 
wall     of     a     root-hair, 
and    then    they    make 
their     way     into     and 
through     the     tissues 
of     the     nearest     root-branch,     where     they     multiply 
rapidly  and  accumulate   in   enormous  numbers,  caus- 
ing the  growth  of  the  nodule  for  their  accommodation. 
Root-nodules  are,  in  reality,  rootlets  developing  in  ab- 
normal forms  on  account  of  the  presence  of  nitrogen- 
fixing  bacteria  within   their   cells.     Nodules   are   found 
only  on  the  younger  parts  of  roots.     When   legumes 


Root-nodules,      characteristic      of 
field-pea   and   garden-pea,  produced 

by  nitrogen-fixing  bacteria.    Bureau 
OF  Plant  Industky,  U.  S.  Dkpt.  of 

ACR. 
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mature,    the    root-tubercles    decay    and    any    bacteria 
remaining  in   them   go   back   to   the   soil,   where   they 
remain,  if  conditions  are  favorable,  until  an  opportunity 
comes  to  enter  again  the  roots  of  a  new  leguminous  crop. 
(2)  Relation  of  bacteria  and  Icyumcs. — The  relation  of 
nitrogen-fixing  bacteria  to  leguminous  plants  is  one  of 
mutual    helpfulness   or 
of  real  symbiosis  (liv- 
ing    together).      The 
bacteria      require     for 
their  nourishment  con- 
siderable   amounts    of 
sugar    or    other    solu- 
ble   carbohydrate    and 
also       mineral       salts, 
which    are    generously 
supplied    in    the    plant 
juices  of  legumes;  the 
bacteria,  in  some  way 
not     yet     understood, 
supplement     this    food 
supply    with    nitrogen 
taken     from     the    air 
present     in     the     soil, 
which  they   build   into 
nitrogen        compounds 
within    their    cells.     It 
is    supposed    that    the 
nitrogen    compounds    thus    manufactured    by    the   bac- 
teria are  diffused  through  the  cell-walls  and  absorbed 
into  the   general   circulation   of   the   leguminous   plant, 
where  they  are   used   for   the   building  of   the   protein 
compounds  characteristic  of  legumes.     It   is  thus  seen 
that  the   leguminous  plants  furnish  the  nitrogen-fixing 
bacteria  needed  food  and  home,  and  the  bacteria  recip- 
rocate by    changing    free  nitrogen,    which  is    unusable 


Root- nodules  characteristic  of 
velvet  bean.  Bureau  of  Plant 
Industry,  U.  S.  Dept.  of  Agk. 
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directly  by  legumes,  into  usable  nitrogen  compounds, 
which  it  passes  over  to  the  plant  in  exchange  for  the  bac- 
terial food  and  lodging. 

(3)  Amount  of  atmospheric  nitrogen  gathered  by  bacteria. 
It  has  been  shown  that  through  the  growth  of  legu- 
minous crops  under  most  favorable  conditions,  one  may 
thus  add  to  an  acre  of  land  from  lOO  to  200  pounds  of 
nitrogen  in  one  season.  In  many  cases  the  amount  may 
be  50  pounds  or  less  when  all  conditions  are  not  favor- 
able. In  some  cases,  the  amount  of  nitrogen  remaining 
in  the  roots  and  stubble,  after  the  removal  of  the  crop- 
producing  portion,  has  been  found  to  be  quite  equal  to 
the  amount  of  nitrogen  furnished  by  the  soil,  which 
means  that  the  amount  of  nitrogen  removed  by  the  har- 
vested crop  is  equal  to  the  nitrogen  obtained  from  the 
air.  Under  such  circumstances,  the  soil  is  no  poorer  in 
nitrogen  for  the  growth  and  removal  of  the  crop  after  the 
nitrogen  in  the  crop  residues  has  again  become  available 
through  decomposition  and  nitrification.  In  other  words, 
It  is  possible  to  make  legume  bacteria  furnish  from  the 
air  practically  all  of  the  nitrogen  in  the  harvested  portion 
of  the  crop.  While  the  relative  amounts  of  nitrogen 
taken  by  legume  crops  from  the  soil  and  from  the  air  vary 
greatly  according  to  many  conditions,  such  as  the  kind  of 
legume,  the  number  of  nitrogen-gathering  bacteria  in  the 
soil,  the  amount  of  nitrogenous  plant-food  in  the  soil,^ 
seasonal  conditions,  etc.,  it  may  be  stated  that  under  fa- 
vorable conditions  approximately  one-third  of  the  crop's 
nitrogen  is  taken  from  the  soil  and  two-thirds  from  the 
free  atmospheric  nitrogen. 

The  effect  of  an  abundant  growth  of  root-nodules  is 
not  always  in  the  direction  of  increasing  a  leguminous 
crop  on  a  fairly  fertile  soil,  but  they  may  increase  mark- 
edly the  percentage  and  total  amount  of  nitrogen  in  the 
crop  and  so  increase  its  value  as  plant-food  in  the  form 
of  green-crop  manure.     The  percentage  of  nitrogen  in 
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root-oodules  is  generally  hlgb  u  compared  irith  other 
portions  of  the  plant. 

(4)  Kinds  of  nitrogett-fijring  legume  bacteria. — For  some 
years  it  was  supposed  that  the  root-nodules  on  all  leguminous 
plants  were  produced  by  only  one  organism,  known  under 
the  names.  Bacillus  radicicola  and  Pseudomonas  radicicola. 

The  question  has  been  raised 
as  to  whether  this  species  is 
the  only  one  in  all  legumes,  or 
whether  there  is  a  different 
species  for  each  legume,  or 
whether  there  are  merely  dif- 
ferent varieties  or  strains. 
Without  considering  these  ques- 
tions in  detail,  it  is  sufficient 
for  our  purpose  to  know  that 
in  practice  it  has  been  found, 
Root-nodules,    charac-      for   example,  that  the  bacteria 

'dSVnl««S-iiS  """  P""">"  'he  growth  of 
bacteria.  Buhead  or  nodules  on  clover  roots  do  not 
Plant  luDOsrav,  U.  S.  form  nodules  on  roots  of  alfalfa. 
Deft,  of  Ace.  ,  .      ^i_        1 

cowpeas  and  most  other  legn* 

minous  plants.  It  appears,  in  general,  that  the  bacteria 
that  grow  on  the  rootlets  of  one  kind  of  legume  are  not 
well  suited  to  the  growth  of  other  legumes,  and  that, 
therefore,  best  results  are  obtained  when,  for  example, 
'organisms  growing  on  clover  are  used  for  that  crop,  those 
growing  on  alfalfa  for  alfalfa,  etc.  There  are  some  cases 
in  which  the  same  organism  appears  to  work  equally 
well  for  different,  closely  related  legumes.  Thus,  alfalfa, 
bur  clover  and  sweet  clover  appear  to  use  the  same  organ- 
isms ;  white  and  alsike  clover  apparently  use  the  bacteria 
of  red  clover;  the  different  vetches  appear  to  use  the  same 
organism  in  common. 

(5)  Conditions  of  action  of  legume  bacteria. — ^The  soil 
conditions  that  in  genera)  favor  nitrification  also  favor  the 
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presence  of  nitrogen-fixing  legume  bacteria,  such  as 
abundance  of  calcium  carbonate,  organic  matter,  air  and 
moisture.  Soils  ill-drained,  acid,  lacking  in  organic  matter 
tend  to  weaken  or  destroy  the  bacteria.  The  nodule- 
forming  bacteria  require  abundance  of  sugar  or  other 
carbohydrate  food,  soluble  potassium  and  phosphorus 
compounds,  but  they  develop  to  best  advantage  when 
provided  with  a  minimum  supply  of  available  nitrogen 
compounds.  The  bacteria  can  and  do  utilize  available 
forms  of  nitrogen  compounds,  when  within  reach,  in  pref- 
erence to  using  free  nitrogen.    Therefore,  when  supplied 
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With  available  nitrogen  compounds,  the  bacteria  fail  to 
make  use  of  atmospheric  nitrogen ;  and,  in  order  to  make 
them  use  free  nitrogen,  it  appears  to  be  necessary  to 
deprive  them  of  available  nitrogen  compounds.  More- 
over, it  is  found  that  in  a  soil  containing  an  abundance 
of  available  nitrogen,  or  in  one  to  which  a  nitrate  has 
been  generously  applied,  the  formation  of  root-nodules 
is  prevented  in  part  or  entirely.  It  follows,  as  a  matter 
of  practical  application,  that  the  nitrogen-gathering  pow- 
ers of  legume  bacteria  are  fully  realized  only  when  the 
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soil  contains  a  minimum  amount  of  available  nitrogenous 
plant-food,  other  conditions  being  favorable. 

(6)  Independent  action  of  legume  bacteria. — It  has  been 


apparently  shown  that  bacteria  from  the  root-tubercles 
of  legumes  are  able  to  fix  free  nitrogen  even  when  they 
are  growing  independently  in  the  soil  and  are  not  con- 
nected witli  leguminous  plants,  but  the  amount  of  nitro- 
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gen  thus  fixed  is  small  compared  with  that  fixed  when  the 
bacteria  work  in  the  root-nodules  of  leguminous  plants. 

(7)  Nitrogen-Fixing  root-nodules  in  relation  to  non-- 
leguminous  plants.  It  has  been  found  that  root-nodules 
containing  nitrogen-gathering  bacteria'  are  not  confined 
to  the  Leguminosae  but  occur  on  some  plants  ouside 
this  family,  such,  for  example,  as  the  alder  (Alnus  crispa), 
the  New  Jersey  tea  (Ceanothus  americanus),  buffalo 
berry  (Lepargyrea  canadensis),  silver  berry  (Eleagnus  ar- 
gentea),  mountain  balm  (Ceanothus  velutinus),  sweet 
fern  (Cotnptonia  peregrina),  and  some  members  of  the 
cycad  family.  These  plants  are  not  ordinarily  adapted 
to  use  as  a  means  of  acquiring  atmospheric  nitrogen  in 
agricultural,  soils,  because  they  have  little  or  no  value 
as  money  crops.  One  way  in  which  they  can  be  utilized 
is  in  the  case  of  unused  lands  where  accumulation  of 
nitrogen  is  desirable  for  future  use. 

Soil  inoculation  for  legumes. — Can  the  use  of  nitrogen- 
fixing  legume  bacteria  be  made  a  practicable  means  of 
furnishing  nitrogen  to  crops  in  place  of  nitrogen  com- 
pounds obtained  from  commercial  sources?  That  this 
can  be  done  has  been  satisfactorily  demonstrated;  the 
methods  that  have  been  successfully  used  we  will  con- 
sider in  detail  in  connection  with  green-crop  manures 
(p.  351).  Here  we  confine  our  attention  chiefly  to  a 
single  one  of  the  requisite  conditions,  viz.,  the  method 
of  supplying  to  leguminous  crops  the  nodule-forming 
bacteria. 

In  many  cases,  the  special  kind  of  bacteria  needed  is 
present  in  soils.  This  is  true  where  a  given  legume  has 
been  grown  successfully  for  years.  For  example,  in  the 
central  and  eastern  states,  the  bacteria  peculiar  to  the 
clovers  are  common  in  most  cultivated  soils,  because 
these  crops  have  been  generally  grown  for  a  long  time. 
Similarly,  alfalfa  in  the  western,  and  cowpeas  in  the 
southern,  states  can  be  grown  often  without  making  any 
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special  effort  to  supply  tlie  soil  with  the  required  bac* 
teria.  On  the  other  hand,  alfalfa  in  the  eastern  states 
commonly  requires  an  artificial  supply  of  its  bacteria  on 
soils  where  it  is  grown  for  the  first  time,  and  the  same  is 
true  of  soy-beans.' 

It  has  been  demonstrated  that,  when  failure  to  grow  a 
leguminous  crop  is  due  to  the  absence  of  the  nitrogen- 
tixing  bacteria  characteristic  of  the  particular  crop,  good 


Gromng  alfalfa  in  ordinary  farm  Goils  without  fertilizer.  In  those 
cases  where  the  growth  is  least,  there  was  no  inoculation  of  the  soil 
with  alfalfa  organisms;  in  the  other  cases  (marked  Bac),  the  soils 
were  inoculated.    Ilunois  Station. 

crops  can  be  produced  as  the  result  of  furnishing  the  soil 
with  the  required  organisms.  Supplying  a  soil  with  bac- 
teria is  known  as  ittoculation.  This  can  be  accomplished 
in  different  ways,  among  which  are  the  following:  (i) 
By  use  of  soil  containing  desired  bacteria  and  (2)  by  use 
of  special  preparations  or  pure  cultures, 

(i)  Inoculation  by  use  of  soil. — ^The  most  eflFective 
method  of  soil  inoculation  is  to  use  smI  taken  from  a 
field  on  which  has  been  growing  a  clean,  thrifty  crop. 
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well  provided  with  root-nodules,  of  the  kind  one  desires 
to  raise.  For  inoculating  soil  in  case  of  alfalfa,  either 
alfalfa  or  sweet-clover  soil  may  be  used.  In  obtaining 
the  inoculating  soil,  one  removes  the  upper  layer  of 
earth  for  two  or  three  inches  and  takes  the  soil-below 
this  for  several  inches,  or  that  portion  of  the  soil  in 
which  the  root-nodules  are  most  plentiful.  The  amount 
of  poil  used  for  inoculation  is  usually  200  to  500  pounds 
an  acre.  This  is  applied  in  any  convenient  manner  to 
the  surface  of  the  field  to  be  inoculated  and  should  be 
harrowed  into  the  upper  layer  of  the  soil  promptly,  be- 
cause, as  previously  stated  (p.  195),  bacteria  are  injured 
or  killed  by  exposure  to  direct  sunlight.  The  disad- 
vantage of  this  method  of  inoculation  is  the  possibility 
of  carrying  undesirable  weeds  and  germs  of  plant  dis- 
eases from  one  soil  to  another.  The  precaution  should 
always  be  observed,  therefore,  to  use  only  soil  from  a 
field  free  from  such  defects.  It  is  obvious  that  only  soil 
can  be  used  advantageously  for  inoculation  which  is  in 
fine  tilth  and  easily  permits  reducing  to  fine  powder. 

Another  method  of  using  soil  for  inoculation  is  to 
treat  it  with  water  and  soak  the  seed  in  this  water-extract 
just  previous  to  sowing.  Another  plan,  useful  especially 
in  case  of  large  seeds,  is  to  moisten  the  seeds  with  a  10 
per  cent,  solution  of  glue  and  at  once  sift  over  them  a 
coating  of  dry,  powdered,  inoculating  soil.  The  seeds  are 
shoveled  over  a  few  times,  screened  to  keep  them 
from  sticking  together,  and  planted  within  a  day ;  or  they 
may  be  spread  out  to  dry  and  kept  away  from  direct 
sunlight  if  it  is  desired  to  prepare  them  some  time  before 
planting. 

Sometimes  the  root-nodules  are  gathered  and  sowed 
on  soil  to  be  inoculated.  Their  use  is  often  attended  with 
failure,  because  dead  nodules  are  taken  containing  too 
few  bacteria.    When  this  method  is  tried,  only  living 


effect  of  iiiocdation  on  yield  of  soy-beans.  Tlie  plant  on  the  left 
came  f torn  a  plot  where  all  the  plants  had  nodules  on  roots ;  tlic 
other  from  a  ploL  where  practically  none  of  the  plants  had  nodules. 
The  yield  v.as  iii  the  ratio  of  the  size  of  the  plants  showr  in  the 
'llustration,    Coli^ce  or  .Vckicultui::^,  Ohio  State  Umv. 
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nodules  should  be  used,  or  those  taken  from  the  roots  of 
a  plant  in  its  full  vigor  of  growth  before  maturing. 

(2)  Inoculation  by  pure  cultures, — A  pure  culture  is  a 
preparation  of  one  kind  of  micro-organisms,  free  from  the 
presence  of  every  other  kind.  Some  years  ago  a  com- 
mercial preparation,  consisting  of  a  pure  culture  of 
nodule-forming  bacteria,  was  placed  on  the  market  under 
the  name  of  nitragin.  Its  use  proved  generally  disap- 
pointing. Many  other  efforts  have  been  made  in  the 
United  States  to  prepare  cultures  for  each  of  the  legu- 
minous  crops   and   numerous   commercial   preparations 


Root-tubercles  on  soy-beans.  The  left  inoculated  and  the  other 
uninoculated.  Tubercles  appear  only  when  the  proper  bacteria  are 
present  in  the  soil.    College  of  Agriculture,  Ohio  State  Univ. 

are  offered  for  sale.  The  difficulty  to  be  overcome  is  to 
prepare  the  pure  cultures  of  legume  bacteria  in  such  a  way 
that  they  will  remain  alive  and  retain  their  full  vigor  for 
a  reasonable  length  of  time.  Pure  cultures  are  used  by 
making  application  directly  to  seed.  While  the  use  of 
pure  cultures  has  gone  far  enough  to  indicate  great  prom  • 
ise,  the  most  reliable  method  of  inoculation  at  the  present 
time  appears  to  be  that  of  using  proper  soil. 
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Unfortunately,  there  has  been  widespread  popular  mis- 
understanding in  regard  to  the  real  use  and  value  of 
nodule-forming  bacteria,  owing  to  inaccurate  statements 
by  non-scientific  magazine  writers  and  also  to  exaggera- 
tions of  commercial  concerns  dealing  in  so-called  pure 
cultures,  and,  in  addition,  to  over-enthusiastic  claims 
by  some  scientific  workers.  Inoculation  is  not  a  means 
of  providing  crops  with  a  complete  fertilizer,  as  some 
have  been  led  to  believe;  it  simply  helps,  under  certain 
conditions,  to  add  to  a  crop's  available  nitrogen  supply. 
Under  some  conditions,  it  is  a  marked  success,  so  far  as 
use  of  atmospheric  nitrogen  is  concerned;  under  other 
conditions,  it  is  a  complete  failure.  Inoculation  is  only 
one  of  several  factors  necessary  to  the  successful  growth 
of  leguminous  crops;  practically  all  other  conditions 
essential  for  the  growth  of  any  crop  are  required. 

Soil  inoculation  may  be  expected  to  give  good  results 
on  soils  that  are  well  aerated  and  abundantly  supplied 
with  available  phosphorus,  potassium,  calcium  and  other 
mineral  compounds:  (a)  Where  leguminous  crops  do  not 
grow  well,  (b)  where  the  roots  of  such  crops  do  not  have 
nodules,  or  (c)  where  a  leguminous  crop  is  to  be  grown 
for  the  first  time. 

Soil  inoculation  usually  fails  to  produce  results:  (a) 
Where  the  leguminous  crop  inoculated  flourishes  already, 
(b)  where  the  soil  is  acid,  (c)  where  the  supply  of  avail- 
able potassium  and  phosphorus  compounds  is  deficient, 
(d)  where  the  soil  is  supplied  with  too  much  available 
nitrogen,  (e)  where  the  physical  conditions  of  the  soil  are 
unsatisfactory  in  respect  to  texture,  aeration,  drainage, 
etc.,  or  (f)  where  seasonal  conditions  are  not  favorable. 

CHANGES  IN  MINERAL  CONSTITUENTS  BY 

SOIL  BACTERIA 

Through  direct  action  of  bacteria  or  through  the  action 
of  their  products,  extensive  chemical  changes  are  brought 
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about  in  the  mineral  constituents  of  soils,  as  well  as  in 
substances  applied  to  soils  in  the  form  of  fertilizers. 
Attention  has  already  been  called  to  the  fact  that  acids 
of  various  kinds  are  prominent  among  the  products  of  the 
bacteria  causing  decay,  putrefaction,  nitrification,  etc' 
The  most  common  acid  product  is  carbon  dioxide  gas, 
while  in  addition  there  are  formed  nitrous,  nitric  and 
sulphuric  acids,  and  numerous  organic  acids.  Carbon 
dioxide,  when  dissolved  in  water,  and  all  free  acids 
formed  by  bacterial  action  are  able  to  bring  about  the 
following  changes:  (i)  Calcium  and  other  insoluble 
carbonates  are  made  soluble.  (2)  Insoluble  soil  phos- 
phates are  made  soluble,  as  well  as  insoluble  phosphates 
applied  in  the  form  of  ground  rock  (floats),  ground 
bone,  slag  phosphate,  farm  manure,  ground  fish,  tankage, 
tobacco  stems,  green-crop  manure,  etc.  (3)  In  some 
cases,  bacteria  use  soluble  phosphorus  compounds  in 
building  their  bodies  and  thus  convert  them  into  insoluble 
organic  forms,  which  are  later  restored  to  soluble  condi- 
tion by  the  death  and  decomposition  of  the  bacteria.  (4) 
Insoluble  potassium  compounds  are  made  soluble. 

Bacteria  produce  changes  in  various  other  soil  con- 
stituents, but  we  can  give  attention  to  only  one  of  these, 
namely,  sulphur  compounds.  Thus,  in  the  decomposition 
of  vegetable  and  animal  matter,  the  contained  sulphur  is 
converted  into  hydrogen  sulphide  gas,  which  may  be 
changed  by  other  bacteria  into  sulphuric  acid.  Certain 
other  bacteria  have  the  power  to  change  hydrogen  sul- 
phide into  free  sulphur,  particles  of  which  can  be  seen 
in  their  bodies,  when  examined  under  a  microscope; 
these  sulphur  particles  are  later  changed  into  sulphuric 
acid.  Sulphuric  acid,  whenever  formed,  may  combine 
with  some  of  the  soil  constituents  to  form  sulphates  of 
calcium,  magnesium,  potassium,  etc.  In  some  cases  the 
sulphur  in  calcium  sulphate  (gypsum)  is  changed  into 
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hydrogen  sulphide  gas  by  anaerobic  bacteria  that  are 
widely  distributed  in  soils,  lakes  and  water. 

These  statements  serve  to  show  that  extensive  and 
far-reaching  chemical  changes  are  wrought  by  bacterial 
action.  It  is  obvious  that  the  more  favorable  the  soil 
conditions  are  for  the  growth  of  bacteria,  the  more 
intense  will  be  their  activity  and  the  greater  the  changes 
brought  about. 

RELATIONS  OP  FUNGI  TO  SOILS 

The  microscopic  plants  known  as  fungi,  commonly 
called  molds,  are  plants  considerably  larger  and  more 
complex  in  structure  than  bacteria.  Fungi  are  of  interest 
in  connection  with  soils  on  account  of  their  relations  to 
processes  of  decomposition  and  to  various  forms  of  plant 
disease. 

Many  soil  fungi  assist  in  decomposing  organic  matter, 
especially  in  the  early  stages  of  decomposition.  They 
are  particularly  active  in  acid  soils  in  which  many  bac- 
teria cannot  work.  They  can  convert  insoluble  into 
soluble  nitrogen  compounds.  They  can  also  convert 
soluble  nitrogen  compounds  into  the  insoluble  protein  of 
their  own  bodies  and  so  temporarily  reduce  the  amount  of 
available  nitrogen  in  soils,  though  they  give  it  back  again 
when  they  die  and  undergo  bacterial  decomposition. 
When  farm  manure  is  allowed  to  become  loose  and  dry, 
bacterial  action  is  replaced  by  that  of  fungi,  an  unde- 
sirable condition  commonly  known  as  **fire-fanged,"  in 
which  the  manure  is  so  permeated  with  the  fungous 
growth  as  to  look  white  and  dusty. 

Recent  investigations  indicate  that  certain  forms  of 
fungi  show  well-developed  capacity  for  fixing  nitrogen 
when  fed  glucose.  In  the  case  of  forests,  the  starch  in 
the  fallen  leaves  of  autumn  is  changed  into  glucose  by 
bacterial  action  and  this  glucose  is  used  by  certain  fungi 
in  fixing  considerable  amounts  of  nitrogen. 
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Fungi  injurious  to  plants  usually  attack  the  seeds  or 
roots.  The  disease  of  turnips  and  similar  crops  known 
as  "finger-and-toe"  and  "club-root"  is  caused  by  a  fungus. 
It  is  common  in  acid  soils  and  is  prevented  by  neutraliz- 
ing the  acidity  with  calcium  carbonate. 

Attention  has  very  recently  been  called  to  the  fact  that 
there  are  several  kinds  of  fungi  destructive  to  flax,  wheat, 
oats  and  barley,  which  are  found  in  both  soil  and  seed. 
The  action  of  these  fungi,  it  is  claimed,  explains  "wheat- 
sickness,"  "flax-sickness,"  etc.,  on  older  soils  where  these 
crops  have  been  grown  extensively.  The  extent  of  dam- 
age produced  depends  upon  weather  conditions,  methods 
of  handling  soil,  kinds  and  amounts  of  fertilizers  applied, 
etc.  Decreased  crops  of  inferior  quality  are  believed  to 
be  due  to  these  fungi  rather  than  to  lack  of  plant-food  or 
physical  conditions  of  soil  except  as  the  latter  factors 
may  directly  affect  the  conditions  that  influence  the 
growth  of  the  fungi.  Beneflcial  effects  of  soil  sterilization 
are  said  to  be  due  to  the  destruction  of  these  fungi.  The 
remedies  for  these  fungous  diseases  are,  in  general,  crop 
rotation,  treatment  of  seed  by  disinfection  to  destroy 
fungi,  and  observance  of  all  precautions  necessary  to 
prevent  the  spread  of  the  fungi.  Whether  the  action  of 
these  fungi  actually  accounts  for  all  of  the  troubles 
claimed  or  whether  it  is  only  one  of  numerous  factors  will 
require  additional  proof  before  it  can  receive  anything 
like  general  acceptance  as  one  of  the  chief  causes  of 
infertility  of  soils. 

RELATIONS  OF  PROTOZOA  TO  SOILS  AND 

CROPS 

Protozoa  are  the  simplest  forms  of  animal  life,  consist- 
ing  of  single  cells,  but  much  larger  than  bacteria  and  dif- 
fering from  them  in  certain  fundamental  ways.  Until 
quite  recently,  these  organisms  have  not  been  supposed 
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to  be  in  any  way  associated  with  questions  of  plant-food 
supply.  The  fact  was  observed  in  laboratory  experi- 
ments that  the  crop  on  a  soil  may  be  doubled  if  the  soil 
has  been  first  heated  to  a  temperature  of  i6o**  to  212®  F. 
(70  to  100**  C.)  for  2  hours,  while  treatment  for  48  hours 
with  the  vapor  of  chloroform  or  other  antiseptic,  followed 
by  complete  volatilization  of  the  antiseptic,  increases  the 
crop  30  per  cent.  Plants  grown  under  these  conditions 
take  very  much  larger  amounts  of  nitrogen  and  other 
plant-foods  from  the  treated  soil.  Further  investigation 
and  the  discovery  of  additional  facts  led  to  the  following 
suggested  explanation  of  the  results:  All  soils  contain 
previously  unsuspected  groups  of  large  organisms  of  the 
protozoa  class,  which  feed  upon  living  bacteria.  When 
soil  is  sterilized  by  heat  or  by  antiseptics,  these  protozoa 
are  killed,  while  only  part  of  the  bacteria  are  destroyed. 
The  bacteria  remaining  unharmed  are  now  free  to  increase 
without  hindrance  by  protozoa,  and  it  is  found  as  a  mat- 
ter of  fact  that  they  do  increase  with  remarkable  rapidity. 
For  example,  in  a  soil  containing  normally  about  seven 
million  bacteria  per  gram,  the  number  was  reduced  to 
about  400  by  heating,  but  four  days  later  they  had  risen 
to  six  millions,  after  which  they  increased  to  over  forty 
millions  per  gram.  It  was  found  also  that  in  the  sterilized 
soils  the  amm.onia  had  accumulated  to  an  extent  that 
would  account  for  the  increased  yield  of  crop.  The  bac- 
teria in  the  sterilized  soil  were  chiefly  of  the  class  that 
change  complex  organic  compounds  into  ammonia,  while 
the  absence  of  nitrifying  bacteria,  which  had  been  largely 
destroyed  by  sterilization,  made  possible  the  accumula- 
tion of  ammonia.  According  to  this  theory,  the  conver- 
sion of  organic  nitrogen  into  ammonia,  depends  upon  the 
number  of  bacteria  that  produce  this  change,  which,  in 
turn,  depends  upon  the  extent  to  which  the  larger  organ- 
isms, the  protozoa,  prey  upon  the  ammonifying  bacteria. 
This  theory  is  in  harmony  with  the  beneficial  results  that 
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are  observed  in  forcing-house  practice  when  the  soil  is 
well  baked  after  having  become  unsatisfactory  through 
continued  use.  These  facts  are  full  of  interest  and  are 
suggestive  of  possibilities  along  litres  not  heretofore 
appreciated. 


PART  II 

Sources  and  Composition  of  Materials 

Used  as  Fertiuzers 


CHAPTER  Xin 

CLASSIFICATION  AND  DEFINITION  OF 
PLANT-FOOD   MATERIALS 

The  terms  employed  to  describe  and  classify  fertilizers 
and  fertilizing  materials  are,  in  general,  used  loosely  and 
without  discrimination.  For  example,  we  iind  the  words 
"fertilizer"  and  "phosphate/*  used  with  the  same  mean- 
ing. Many  use  the  terms  "fertilizer*'  and  "manure"  with 
different  meanings,  restricting  the  former  to  commercial 
plant- food  materials  and  applying  the  latter  exclusively 
to  farm  manure.  By  many  the  expressions,  "plant-food" 
and  "fertilizer"  are  always  used  as  S)rrionymous.  It  is  desir- 
able that  the  use  of  these  terms  should  be  reduced  to 
some  kind  of  system  and  deiiniteness.  We  shall  attempt 
to  define  them  as  dearly  and  sharply  as  possible  in 
accordance  with  what  we  regard  as  the  best  usage. 

A  fertilizer  is  any  substance,  which,  added  to  a  soil,  will, 
under  favorable  conditions,  produce  a  better  growth  of  crops, 
whether  through  direct  or  indirect  action  on  the  crop  or  on 
the  properties  of  the  soil. 

By  reference  to  the  definition  of  a  plant-food  (p.  6), 
it  will  be  seen  that  the  terms,  plant-food  and  fertilizer,  do 
not  necessarily  mean  the  same.  Thus,  all  fertilizers  are 
not  plant- foods;  indirect  fertilizers  which  are  added  to 
soils  to  modify  physical  or  chemical  conditions  are  not 
necessarily  plant- foods;  for  example,  a  large  part  of  the 
material  we  add  to  soils  in  farm  manures  and  green-crop 
manure  is  not  used  as  plant-food  at  all,  but  it  is  useful 
in  supplying  the  soil  with  organic  matter  which  performs 
important  functions,  as  we  have  seen  (pp.  1 17-144). 

The  materials  which  come  under  the  head  of  fertilizers 
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are  numerous  in  kind,  and  different  in  source,  in  forms 
and  in  the  manner  in  which  they  act. 

CLASSIFICATION  OP  FERTILIZING  MATERIALS 


It  is  impossible  to  arrange  materials  used  as  fertilizers 
in  sharply  divided  classes.    In  any  system  that  can  be 


Table  22 — Classification  of  Fertilizing  Materials 

(1)  Animal       j 


Fbrtilizino 
Materials 

(Fertilizers, 
mantares,  etc.) 


L  Director  , 
nutritive 


(A)  Farm- 
produced 


(a;  Excrements 
(b)  Refuse  (bones, 
carcasses,  etc.) 


(B)  Commer- 
cial 
(artificial,  pre- 

Fared,  manu- 
ac tured , 
chemical.etc.) 


n.  Indirect  (stimulant, 

amendments,  etc.) 


(2)  Vegetable 


(3)  Mineral 


(1)  Animal 


(2)  Vegetable 


(5)  Mineral 


(1)  Mineral 


(2)  VegeUble 


(a)  Straw,  chaff, 
leaves,  stalks, 
etc. 

(b)  Kitchen  wastes 

(c)  Green  crops 

(d)  Muck,  peat,  etc 

(a)  Ashes 

(b)  Deposits  of 
mail,  limestone, 
etc. 

(a)  Pacldnff  -  house 
by-products 

(b)  Stockyard  ref* 
use  (ezcre* 
ments) 

(c)  Refuse  from 
fish-oQ  factories 
markets,  etc 

(a)  By-products  of 
oil-mills 

(b)  Tobacco  waste, 
malt-  q)routs, 
etc 

(a)  Nitroffen  com- 
pounds(nttrates, 
ammonia,  etc) 

(b)  Phosphorus 
compounds 
(phosphates) 

(c)  potassium  com- 
pounds (potash 
salts) 


U 


(a)  Calcium  or  lime 
compounds 
)  Salt 
,c)  Iron  compounds 

(a)  Green  crops 

(b)  Waste  materials 

(c)  Lampblack, 
charcoal,  soot, 
etc. 
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devised  there  are  unavoidably  cases  where  some  materials 
belong  to  more  than  one  division.  The  tabulated  classi- 
fication, on  the  opposite  page,  while  not  free  from  this 
'  objection,  and  also  otherwise  imperfect,  will  be  found 
helpful  in  g'ving  a  fairly  clear,  general  idea  of  the  num- 
ber and  relations  of  the  different  terms  used  in  speaking 
of  fertilizers  and,  at  the  same  time,  it  furnishes  in  out- 
line a  suggestive  though  incomplete  statement  of  the 
general  sources  of  fertilizing  materials.  Some  of  the 
substances  mentioned  are  of  theoretical  rather  than 
practical  interest. 

A  direct  or  nutritive  fertilizer  is  one  containing  essen^ 
tial  plant-food  elements  that  are  available  (p.  7)  at  once 
or  easily  become  so  under  favorable  soil  conditions.  The; 
plant-food  materials  are  in  such  forms  or  compounds  that 
they  can  be  immediately  absorbed  and  used  by  plants,  or 
else  come  into  such  forms  in  time  to  be  used  by  crops 
during  the  growing  season.  Direct  fertilizers  dissolve 
easily  in  soil  water  at  once,  or  readily  change  in  the  soil 
under  ordinary  conditions  into  such  soluble  form,  and  are 
therefore  in  condition  to  be  taken  up  by  plants  either 
immediately  or  within  a  short  time.  For  example,  dried 
blood  contains  organic  nitrogen  in  an  insoluble  form, 
which  plants  cannot  use,  but,  under  normal  soil  condi- 
tions, this  insoluble  nitrogen  undergoes  bacterial  decom- 
position, ammonification  and  nitrification,  sooner  or  later 
appearing  in  the  quickly  available  form  of  nitrate  nitro- 
gen (p.  204). 

An  indirect  or  stimulant  fertilizer  (known  also  as  a 
soil  amendment)  is  one  which  favorably  influences  plant 
growth,  not  by  furnishing  any  needed  element  of  plant- 
food,  but  chiefly  by  producing  in  the  soil  some  effect  bene- 
ficial  to  plant  growth.  Among  such  beneficial  effects  are: 
(i)  The  conversion  of  unavailable  into  available  plant- 
food  in  the  soil,  such  as  the  conversion  of  insoluble  into 
soluble  potassium  compounds  by  calcium   (lime)    car- 


CLASSIFICATION  OF  PLANT-FOOD  MATERIALS  24I 

bonate ;  (2)  changing  the  physical  conditions  of  the  soil 
SO  that  favorable  factors  of  structure  (p.  loi)  are  sub- 
stituted for  unfavorable  ones,  as  illustrated  by  the  floccu- 
lation  (p.  104)  of  puddled  clay  by  calcium  compounds; 
(3)  neutralizing  acids  and  other  substances  in  soils 
poisonous  to  plants  (p.  128). 

Indirect  fertilizers  may  not  be  plant-foods  at  all,  that 
is,  may  not  contain  any  essential  element  used  in  plant 
growth,  or  they  may  contain  essential  plant-food  ele- 
ments that  are  already  in  the  soil  in  sufficiently  large 
amounts  to  supply  the  needs  of  crops  indefinitely.  For 
example,  common  salt  (sodium  chloride),  when  used,  is 
scarcely  ever  applied  because  crops  are  in  actual  need  of 
sodium  or  chlorine.  The  various  forms  of  lime,  calcium 
oxide  (quicklime),  calcium  hydroxide  (slaked  lime), 
the  sulphate  and  carbonate,  are  usually  applied,  not 
because  soils  contain  an  insufficient  amount  to  furnish 
crops  the  calcium  needed,  but.  for  the  purpose  of  making 
neutral  or  preventing  soil  acidity,  making  insoluble  potas- 
sium and  phosphorus  compounds  available,  and  per- 
forming other  functions  beneficial  to  crop  growth.  In  a 
similar  way,  the  beneficial  effects  of  green-crop  manures 
often  come  much  more  largely  from  their  influence  upon  the 
mechanical  and  chemical  factors  of  the  soil,  making  con- 
ditions more  favorable  for  plant  growth,  than  upon  the 
amounts  of  nitrogen,  potassium  and  phosphorus  com- 
pounds they  supply. 

Farm-produced  fertilizers  include  all  materials  com- 
monly obtained  on  farms.  They  include  (i)  solid  and 
liquid  excrements  of  farm  animals,  (2)  materials  used  for 
bedding,  (3)  unused  portions  of  crops,  including  crop 
residues  left  in  the  soil,  (4)  all  kinds  of  animal  and 
vegetable  waste,  such  as  kitchen  garbage,  carcasses  of 
animals,  bones,  human  excrements,  etc.,  (5)  green-crop 
manures,  (6)  ashes,  (7)  muck  and  marl  (found  on  many 
farms). 
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Commercial  fertilizers  are  preparations  or  mixtures  of 
plant-food  materials,  commonly  sold  under  special  trade- 
names. They  are  also  known  as  artificial,  prepared  or 
manufactured.  When  they  consist  only  of  inorganic 
materials,  they  are  known  as  chemical  fertilizers  or 
manures.  The  term  "chemicals"  is  often  applied  to  such 
materials  as  sodium  nitrate,  ammonium  sulphate,  salts 
of  potassium,  etc. 

The  rtiaterials  used  in  making*  commercial  fertilizers 
include  substances  found  in,  or  prepared  from,  natural 
deposits,  and,  in  addition,  materials  that  form  by-products 
of  numerous  industries,  obtainable  only  through  the 
channels  of  trade.  While  commercial  fertilizers  usually 
contain  numerous  constituent  elements,  their  chief  value 
depends  on  the  presence  of  only  three  forms  of  plant- 
food,  nitrogen,  phosphorus  and  potassium  compounds. 
Their  agricultural  value  varies  in  accordance  with  the 
forms  and  amounts  of  these  different  plant-food  com- 
pounds. Commercial  fertilizers  are  known  as  complete 
and  incomplete. 

Complete  fertilisers,  called  often  general  fertilizers,  are 
those  containing  the  three  plant-food  constituents,  nitro- 
gen, phosphorus  and  potassium  compounds. 

Incomplete  fertilizers,  known  often  as  special  fertilizers, 
are  those  containing  only  one  or  two  of  the  three  impor- 
tant plant-food  constituents. 

Plan  of  treatment. — In  the  remaining  chapters  of  Part 
II,  we  shall  discuss  the  sources  and  general  character 
of  the  materials  used  as  fertilizers,  considering  them  in 
the  following  order : 

(l)  Commercial  fertilizing  materials  containing  com« 
pounds  of 

(a)  Nitrogen, 

(b)  Phosphorus, 

(c)  Potassium, 
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(2)  Farm-produced  fertilizing  materials 

(a)  Farm  manure, 

(b)  Green-crop  manure. 

(3)  Indirect  fertilizers: 

(a)  Calcium  or  lime  compounds, 

(b)  Miscellaneous  materials. 

It  is  our  purpose,  in  considering  commercial  fertilizing 
materials,  to  discuss  in  the  chapters  immediately  follow- 
ing the  source,  character,  methods  of  manufacture,  com- 
position and  other  similar  points  of  general  interest  for 
each  material,  while  we  reserve  for  discussion  in  Parts 
III  and  IV  points  of  more  direct,  practical  interest,  such 
as  plant-food  availability,  advantages  and  disadvantages 
of  use  in  fertilizing  crops,  cost  of  plant-food  constitu- 
ents, specific  methods  of  use,  etc. 

In  treating  the  subjects  of  farm  manure,  green-crop 
manure  and  indirect  fertilizers,  it  has  seemed  better  to 
consider  the  practical  applications  along  with  the  more 
general  features  of  interest  instead  of  postponing  it  to 
later  chapters. 


CHAPTER  XIV 

NITROGEN-CONTAINING  MATERIALS 

The  general  character  and  relations  of  the  nitrogen- 
containing  materials  used  as  fertilizers  will  be  considered 
in  the  order  indicated  by  the  following  outline : 

1.  Inorganic  or  mineral  compounds:  (i)  Sodium 
nitrate,  (2)  ammonium  sulphate,  (3)  potassium  nitrate, 
(4)  calcium  cyanamid  (lime-nitrogen),  (5)  calcium 
nitrate  (lime-nitrate),  (6)  ammonium  nitrate. 

2.  Vegetable  materials:  (i)  Cottonseed-meal,  (2) 
castor-bean  pomace,  (3)  linseed-meal,  (4)  tobacco  waste. 

3.  Animal  materials:  (i)  Dried  blood,  (2)  dried  meat, 
(3)  tankage,  (4)  dried  fish,  (5)  hoof-meal,  (6)  horn- 
dust,  (7)  garbage-tankage,  (8)  comme;rcial  dried  manures 
or  excrements,  (9)  nitrogenous  guanos,  (10)  hair,  (11) 
leather-meal,  (12)  wool- waste. 

INORGANIC  OR  MINERAL  COMPOUNDS  OF 

NITROGEN 

The  materials  in  this  class  came  until  recently,  for 
the  most  part,  from  natural  deposits  and,  in  small  part, 
from  by-products  of  some  manufacturing  operations.  At 
the  present  time  they  are,  and  will  continue  to  be  in 
increasing  amounts,  the  direct  products  of  manufacture. 

Sodium  nitrate  (nitrate  of  soda),  NaNOs  (p.  40),  com- 
monly called  Chili  saltpeter,  contains,  when  chemically 
pure,  16.47  per  cent,  of  nitrogen.  The  commercial  product 
used  in  fertilizers  is  about  95  per  cent,  pure  and  therefore 
contains  about  15.65  per  cent,  of  nitrogen.  Samples 
found  in  the  market  generally  contain  considerably  over 
15  per  cent,  of  nitrogen,  but  one  occasionally  containc 
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less  than  15  per  cent.,  owing  usually  to  absorption  of 
moisture  (p.  41)  or  sometimes  to  mixture  with  other 
material. 

Our  source  of  supply  is  Chili,  where  immense  beds 
occur,  in  which  the  sodium  nitrate,  in  proportions  varying 
from  17  to  60  per  cent,  (about  equal  to  3  to  10  per  cent, 
of  nitrogen),  is  mixed  with  other  materials,  such  as 
gypsum,  salt,  sulphates  of  magnesium,  potassium  and 
sodium.  The  mixed  nitrate  is  found  in  layers  at  2  to  10 
feet  below  the  surface.  The  nitrate  is  purified  and  con- 
centrated by  dissolving  and  crystallization,  after  which 
the  product  is  drained,  dried  and  put  up  in  bags  holding 
200  pounds.  In  this  form,  in  which  it  usually  reaches  the 
consumer,  the  nitrate  is  a  somewhat  coarse  powder,  crys- 
talline, varying  in  color  from  grayish  white  to  pink  and 
slightly  brownish  shades.  This  commercial  product,  as 
stated  above,  contains  about  95  per  cent,  of  pure  sodium 
nitrate,  the  rest  consisting  mainly  of  moisture  and  com- 
mon salt,  with  small  amounts  of  sulphates  of  calcium, 
magnesium  and  sodium. 

The  present  annual  output  of  sodium  nitrate  is  about 
2,500,000  tons,  containing  nearly  400,000  tons  of  nitro- 
gen. Much  of  this  is  used  in  manufactures  and  only  a 
part  for  agriculture.  The  amount  of  nitrogen  in  the 
entire  annual  output  of  the  nitrate  of  Chili  is  only  about 
one-fifth  of  the  amount  of  nitrogen  used  by  the  grain 
in  one  wheat  and  corn  crop  in  the  United  States;  but 
only  about  one-fourth  (640,000  tons  in  1910)  of  the  total 
output  of  nitrate  comes  to  the  United  States,  and  only  a 
part  of  this  is  used  in  fertilizers. 

Various  estimates  have  been  made  as  to  when  the 
Chili  nitrate  beds  will  become  exhausted.  In  1888,  the 
Peruvian  government  estimated  that  the  supply  would 
last  until  1913;  in  1900,  exhaustion  was  postponed  by 
official  estimate  to  1940,  and  again  in  1907  to  2032. 

Deposits  of  sodium  nitrate  are  known  to  exist  in  Cali- 
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fornia  and  Texas  and  also  in  Upper  Egypt,  but  contain 
such  large  proportions  of  impurities  that  the  nitrate  can- 
not be  obtained  profitably. 

The  price  of  sodium  nitrate  varies  considerably,  retail- 
ing in  recent  years  as  high  as  $60  a  ton  and  as  low  as  $40, 
which  is  about  equivalent,  respectively,  to  19  to  13  cents 
for  one  pound  of  nitrogen. 

For  special  information  regarding  the  use  of  nitrate  of 
soda  as  a  fertilizer  in  the  growing  of  crops,  see  Parts 
III  and  IV  (pp.  395-710). 

Ammonium  sulphate  (sulphate  of  ammonia), 
(NH4)2S04  (p.  41),  contains,  when  pure,  21.2  per  cent, 
of  nitrogen  (equal  to  25.75  P^^  cent,  of  ammonia,  NH3). 
The  commercial  product  used  in  fertilizers  contains  about 
20  per  cent,  of  nitrogen  (equal  to  24.3  per  cent,  of 
ammonia). 

Ammonium  sulphate  is  produced  as  a  by-product  in  the 
manufacture  of  illuminating  gas  and  coke.  In  the  past, 
large  amounts  of  ammonia  have  been  allowed  to  go  to 
waste,  especially  in  the  manufacture  of  coke,  but  the 
present  tendency  is  to  save  it,  though  it  is  estimated 
that  not  more  than  one-fifth  is  saved  in  the  United  States 
at  present.  Generally  speaking,  one  ton  of  coal  produces 
from  8  to  25  pounds  of  ammonium  sulphate,  which  con- 
tains 1.6  to  5  pounds  of  nitrogen.  The  amount  now  pro- 
duced in  the  United  States  is  in  excess  of  100,000  tons 
a  year,  while  nearly  as  much  more  is  imported,  but  only 
a  small  part  of  this  is  usually  available  for  agricultural  use. 

Some  years  ago  experiments  were  made  in  obtaining 
ammonia  from  the  garbage  of  large  cities,  and  consider- 
able hope  was  felt  that  ammonia  might  be  cheaply  pro- 
duced in  abundance,  but  the  process  has  not  yet  been 
successful. 

During  the  past  10  years  the  price  of  ammonium  sul- 
phate has  varied  between  $55  and  $66,  equivalent  to  14 
to  16^2  cents  per  pound  of  litrogen. 
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For  information  regarding  the  use  of  ammonium  sul- 
phate in  its  practical  relations  to  the  feeding  of  crops, 
see  Parts  III  and  IV  (pp.  395-710). 

Nitrogen  compounds  from  atmospheric  nitrogen. — It 
has  been  recognized  for  some  time  that  in  the  future  we 
must  come  more  and  more  to  depend  for  the  nitrogen 
compounds  required  for  commercial  fertilizers  upon 
chemical  processes  of  utilizing  the  inexhaustible  supply 
of  nitrogen  contained  in  the  air  (p.  38).  Some  years  ago 
definite  attempts  were  made  to  devise  a  chemical  method 
for  the  commercial  preparation  of  nitrogen  compounds 
with  the  use  of  atmospheric  nitrogen,  but  the  technical 
processes  actually  in  use  have  developed  within  the 
past  10  or  12  years.  Two  different  nitrogen  compounds 
are  now  being  commercially  manufactured,  in  which  the 
nitrogen  is  obtained  from  the  air.  These  two  substances 
are  known  as  calcium  cyanamid  (lime-nitrogen)  and  cal- 
cium nitrate  (lime-nitrate).  We  will  briefly  consider 
these  compounds  here  with  reference  to  their  mode  of 
preparation  and  their  composition.  Their  usefulness  as 
fertilizers  will  be  considered  in  another  chapter  (p.  427). 

Calcium  cyanamid  (CaCNo),  when  chemically  pure, 
contains  35  per  cent,  of  nitrogen;  but  the  commercial 
product,  known  as  lime-nitrogen,  is  not  pure,  and  its  per- 
centage of  nitrogen  has  varied  from  below  10  to  over  16. 
The  commercial  product  is  a  fine  powder  of  dark-gray 
color,  the  particles  being  light  in  weight. 

The  two  principal  materials  used  in  the  preparation  of 
lime-nitrogen  are  calcium  carbide  (the  substance  that  is 
so  familiar  in  the  production  of  acetylene  gas)  and  pure 
nitrogen  obtained  by  liquefaction  of  air  and  distillation. 
The  carbide,  in  the  condition  of  a  fine  powder,  is  placed 
in  a  heated  retort,  into  which  the  nitrogen  is  passed. 
The  lime-nitrogen  produced  is  removed  from  the  retort  in 
the  form  of  a  hard  cake,  which  is  cooled  out  of  contact 
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with  the  air,  then  crushed  to  a  powder  and  exposed  to 
the  air  before  packing.  The  chemical  change  taking  place 
in  the  manufacturing  operation  may  be  represented  as 
follows : 

M  28  80  12 

CaCi      +       2N       -       CaCN«      +      C 
Caldmn  Calcium  Carbon 

carbido  cyanamid 

According  to  this  theoretical  reaction,  64  pounds  of 
calcium  carbide  combine  with  28  pounds  of  nitrogen  to 
produce  80  pounds  of  calcium  cyanamid  mixed  with  12 
pounds  of  carbon,  in  which  case  the  mixed  product  would 
contain  about  3c  per  cent,  of  combined  nitrogen.  These 
results  are  not  realized  in  actual  commercial  operations, 
because  the  combination  of  nitrogen  and  carbide  is  not 
complete  and  because  calcium  carbide  contains  impurities 
present  in  the  lime  used  in  making  the  carbide,  and  these 
are  found  in  the  lime-nitrogen  mixed  with  calcium  cya- 
namid and  carbon.  The  impurities  in  lime-nitrogen  con- 
sist in  large  part  of  calcium  oxide  (quicklime)  and  com- 
pounds of  iron,  silicon,  etc.,  in  addition  to  the  carbon 
formed  in  the  operation,  the  presence  of  which  is  the 
cause  of  the  dark  color  of  the  lime-nitrogen  mixture.  For 
these  reasons,  lime-nitrogen  contains  much  less  than  the 
theoretical  amount  of  nitrogen,  only  about  15  per  cent, 
of  the  mixture  instead  of  30  per  cent.,  as  called  for  by  the 
theoretical  chemical  reaction. 

Lime-nitrogen  is  manufactured  in  several  places  in 
Europe.  In  America  one  plant,  under  the  name  of  the 
"American  Cyanamid  Company,"  is  in  successful  opera- 
tion near  Niagara  Falls,  New  York,  which  made  its  first 
shipment  in  December,  1909.  The  product  from  the 
Niagara  factory  is  all  shipped  to  Baltimore,  where  there  is 
a  plant  which  further  manipulates  the  product  previous 
to  distribution.  One  form  in  which  lime-nitrogen  has 
been  put  on  the  market  is  a  mixture  called  "complete 
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ammonia  drier/'  containing  two-thirds  of  its  nitrogen  in 
the  form  of  calcium  cyanamid,  one-sixth  each  in  the  form 
of  nitrate  and  organic  nitrogen,  50  per  cent,  of  the  mixture 
being  organic  matter.  Another  mixture  contains  15  to 
16  per  cent,  of  nitrogen,  of  which  80  per  cent,  is  cyanamid 
nitrogen  and  20  per  cent,  ammonia  nitrogen.  These 
materials  are  in  fine  mechanical  condition  and  ready  for 
mixing  with  other  materials.  Cyanamid  preparations  are 
used  to  a  considerable  extent  by  manufacturers  of  com- 
plete fertilizers. 

When  lime-nitrogen  is  applied  to  soils,  its  nitrogen  is 
not  directly  used  as  cyanamid  nitrogen,  but  the  com- 
pound undergoes  gradual  change  in  the  presence  of  soil 
moisture,  forming  ammonia  and  calcium  carbonate,  as 
follows : 

80  54  100  M 

CaCNt      -I-      3Ht0      *      CaCOs      -|-      2NBl 

Caldtim  Water  Calcium  AfDmooli 

cyanamid  carbonata 

According  to  this  reaction,  the  calcium  cyanamid  in 
100  pounds  •  of  lime-nitrogen,  containing  10  per  cent, 
(equal  to  3.5  pounds)  of  calcium  cyanamid,  would,  in 
round  numbers,  combine  with  2.35  pounds  of  water  to 
furnish  1.5  pounds  of  ammonia  (containing  1.25  pounds  of 
nitrogen)  and  4.35  pounds  of  calcium  carbonate. 

The  estimated  first  cost  of  producing  calcium  cyana- 
mid is,  so  far  as  data  are  available,  about  10  cents  for  each 
pound  of  nitrogen.  Its  cost  by  the  time  it  reaches  the 
farmer  is  about  the  same  as  for  other  valuable  forms  of 
plant-food  nitrogen. 

For  information  regarding  the  advantages  and  disad- 
vantages of  lime-nitrogen  as  a  fertilizer,  see  Chapter 
XXIII  (p.  429). 

Calcium  nitrate  (Ca(N03)2),  in  the  commercial  form 
known  usually  as  lime-nitrate,  is  another  compound  pre- 
pared by  the  use  of  atmospheric  nitrogen,  which  has 
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recently  come  into  agricultural  use,  tspecially  in 
Europe.  This  material  is  a  mixture  of  calcium  nitrate 
and  other  substances  and  is  known  also  under  various 
other  names,  such  as  nitrate  of  lime,  basic  calcium  nitrate, 
basic  lime-nitrate,  basic  nitrate,  lime-niter,  lime-saltpeter, 
etc.  It  is  essentially  a  mixture  of  calcium  nitrate  and 
lime.  The  calcium  nitrate  contained  in  this  mixture  is 
closely  related  to  sodium  nitrate  (NaNOj),  the  element 
calcium  being  combined  with  nitric  acid  in  place  of 


sodium.  Strictly  pure  calcium  nitrate  contains  17.07  per 
cent,  of  nitrogen  as  compared  with  16.47  PC  cent,  in  pure 
sodium  nitrate.  However,  the  commercial  lime-nitrate 
contains  only  about  12  to  14  per  cent,  of  nitrogen. 

While  there  are  in  operation  in  Europe  fin  Norway, 
Austria  and  France)  at  least  three  different  processes 
of  making  lime-nitrate,  they  are  al!  based  on  the  same 
general  principle,  differing  only  in  some  of  the  mechanical 
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details.  Briefly  stated,  the  general  process  consists  of 
the  following  steps :  (i)  Ordinary  air  is  passed  through 
a  powerful  electric  arc  or  flame,  resulting  in  the  combina* 
tiori  of  more  or  less  of  the  oxygen  and  nitrogen  in  the 
form  of  nitric  oxide  (NO).  (2)  This  nitric  oxide,  on 
exposure  to  air,  combines  with  more  oxygen  to  form 
nitrogen  dioxide  (NO2).  (3)  By  treatment  with  water, 
this  last  oxide  is  converted  into  dilute  nitric  acid 
(HNO3),  though  there  are  some  intermediate  steps, 
which  need  not  be  considered  here,  before  all  of  the  NOa 
is  converted  into  HNO3.  (4)  The  last  step  is  to  con- 
centrate the  nitric  acid  and  treat  it  with  calcium  oxide 
(lime)  and  carbonate,  forming  calcium  nitrate.  Calcium 
nitrate  attracts  moisture  rapidly  and  dissolves.  To  pre- 
vent this,  two  methods  are  employed.  In  one  lime  is 
added  to  a  hot  solution  of  calcium  nitrate  and  after  cool- 
ing, it  is  broken  up  and  passed  through  a  sieve.  This 
IS  basic  lime  nitrate  and  contains  9  or  10  per  cent,  of 
nitrogen.  The  other  method  of  putting  up  the  product 
is  to  melt  the  concentrated  nitrate  and  either  pour  it  into 
receptacles  and  allow  it  to  solidify  by  cooling,  or,  after 
cooling,  grind  it  fine  and  put  in  air-tight  packages.  This 
latter  product  contains  12  to  14  per  cent,  of  nitrogen. 

Nitrogen  in  Hme-nitrate  is  estimated  to  cost  about  15 
cents  a  pound  near  the  manufactory.  Little  of  the 
European  product  has  yet  been  brought  to  America.  It 
has  been  stated  recently  that  the  first  plant  is  being  estab- 
lished in  the  United  States  for  the  manufacture  of  lime- 
nitrate,  being  located  at  Great  Falls,  South  Carolina.  It 
is  expected  to  be  in  active  operation  sometime  during 
1911. 

For  information  regarding  the  usefulness  of  Hme- 
nitrate  as  a  fertilizer,  see  Chapter  XXIII  (p.  4^7). 

Ammonium  nitrate  (NHiNOa,  p.  41)  is  not  at  present 
an  available  compound  for  common  use  in  fertilizers  on 
account  of  its  high  cost.    It  is,  however,  ^  Qprnpound  o£ 
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much  interest  on  account  of  certain  marked  advantages 
that  it  offers  as  a  fertilizing  material.  Nitrate  of  soda, 
lime-nitrate  and  lime-nitrogen  have  the  disadvantage  of 
bulk.  For  each  pound  of  nitrogen,  transportation  must 
be  paid  on  6  to  lo  pounds  of  cheap  material.  Ammo- 
nium nitrate  is  a  compound  rich  in  available  nitrogen, 
furnishing  probably  the  most  concentrated  form  of  plant- 
food  nitrogen  that  we  have.  When  pure,  it  contains  35 
per  cent,  of  nitrogen,  one-half  in  the  form  of  nitrate 
and  one-half  in  the  form  of  ammonia.  A  high-grade  com- 
mercial product  containing  30  to  33  per  cent,  of  nitrogen 
would  reduce  the  cost  of  nitrogen  transportation  at  least 
one-half,  as  compared  with  nitrate  of  soda,  and  two- 
thirds  in  comparison  with  low-grade  cyanamid  and  cal- 
cium-nitrate. The  solution  of  cheap  production  of 
ammonium  nitrate  must  be  found  in  the  economi- 
cal production  of  ammonia  and  nitric  acid  in  the 
same  factory.  The  cheap  production  of  nitric  acid 
has  apparently  been  accomplished  already  and  the  main 
part  of  the  problem  now  lies  in  the  cheap  production  of 
ammonia.  Some  hope  is  held  out  in  this  direction  by 
recent  reports  from  Germany  of  successful  laboratory 
experiments  in  which  ammonia  is  produced  synthetically 
by  compression  of  hydrogen  and  nitrogen  at  high  tem- 
perature in  the  presence  of  finely  powdered  uranium 
oxide,  or  of  pure  iron. 

Potassium  nitrate  (KNO3,  p.  41),  known  commonly  as 
nitrate  of  potash,  niter  and  saltpeter,  is  an  extremely 
valuable  form  of  plant-food  for  nitrogen  as  well  as  potas- 
sium, but  it  is  too  expensive  for  common  use  in  fertilizers 
on  account  of  the  demands  for  various  manufacturing 
purposes  and  especially  gunpowder.  It  comes  into  mar- 
ket as  a  fertilizer  in  small  amounts  in  a  form  containing 
13  per  cent,  of  nitrogen  and  36.5  per  cent,  of  potassium 
(equal  to  44  per  cent,  of  potash),  while  pure  potassium 
nitrate  contains  13.85  per  cent,  of  nitrogen  and  38.7  per 


NITROGEN-CONTAINING    MATERIALS  253 

cent,  of  potassium  (equal  to  46.6  per  cent,  of  potash;. 
It  occurs  in  small  amounts  in  very  impure  form  as  waste 
from  gunpowder  factories. 

VEGETABLE  NITROGENOUS  MATERIALS 

The  materials  in  this  class  are  the  seed  residues  ob- 
tained in  oil  factories  and  are  limited  in  amount  by  the 
yield  of  the  crops  from  which  the  seed  comes. 

Cottonseed-meal  is  the  product  formed  when  oil  is 
removed  from  cottonseed,  after  which  the  extracted  resi- 
due is  ground  fine.  The  annual  yield  of  cottonseed  in 
the  United  States  is  about  six  million  tons,  most  of  which 
is  used  for  production  of  oil  and  meal.  Cottonseed-meal 
has  been  extensively  used  as  a  fertilizer,  especially  in 
the  South.  When  of  good  quality,  it  contains  about  7 
per  cent,  of  nitrogen  along  with  1.3  per  cent,  of  phos- 
phorus (equal  to  3  per  cent,  of  phosphoric  acid)  and  1.65 
per  cent,  of  potassium  (equal  to  2  per  cent,  of  potash). 
When  mixed  with  cottonseed-hulls,  these  percentages  are 
lower.  In  addition  to  its  plant-food  constituents,  cotton- 
seed-meal is  valuable  in  fertilizers,  because  when  used  in 
sufficient  quantity  it  produces  a  desirable  mechanical 
effect  in  a  mixed  fertilizer,  absorbing  moisture,  prevent- 
ing caking  and  insuring  a  loose  condition  of  particles. 
Cottonseed-meal  is  highly  valued  as  a  food  for  cattle  and, 
when  thus  used,  a  large  proportion  of  the  plant-food 
constituents  is  recovered  in  the  manure,  which  makes 
this  the  most  economical  way  of  utilizing  it  as  a  ferti- 
lizer. When  applied  directly  to  the  soil,  it  is  a  valuable 
fertilizer,  but  cannot  be  generally  used  in  this  way  profitably 
when  it  costs  over  $25  a  ton. 

Castor-bean  pomace  is  a  by-product  of  castor-oil  fac- 
tories. Its  chief  use  is  for  fertilizing  purposes.  It  is  gen- 
erally less  rich  in  plant-food  constituents  than  cotton- 
seed-meal, containing  about  5.5  per  cent,  of  nitrogen, 
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along  with  0.9  per  cent,  of  phosphorus  (equal  to  2  per 
cent,  of  phosphoric  acid)  and  0.8  per  cent,  of  potassium 
(equal  to  i  per  cent,  of  potash). 

Linseed-meal  is  the  residue  left  after  extracting  oil 
from  flaxseed.  Its  extensive  use  as  cattle-food  makes  it 
too  high-priced  for  common  use  as  a  source  of  nitrogen 
in  commercial  fertilizers.  It  contains  about  5.5  per  cent, 
of  nitrogen,  together  with  nearly  0.9  per  cent,  of  phos- 
phorus (equal  to  2  per  cent,  of  phosphoric  acid)  and  1.25 
per  cent,  of  potassium  (equal  to  1.5  per  cent  of  potash). 

Tobacco  Waste. — See  p.  284. 

ANIMAL  NITROGENOUS  MATERIALS 

The  materials  in  this  class  come,  for  the  most  part, 
from  the  meat-packing  industries;  they  are  animal  by- 
products more  or  less  rich  in  nitrogen  and  are  known 
in  general  terms  as  blood,  tankage  and  offal.  In  the 
United  States  most  of  the  nitrogen  used  in  commercial 
fertilizers  has  come  from  this  source.  It  is  estimated  that 
more  than  a  million  tons  of  these  products  are  annually 
disposed  of  by  packing-house  companies. 

Dried  blood  used  in  fertilizers  is  prepared  for  market 
by  evaporating,  drying  and  grinding.  The  color  varies 
from  red  to  black  according  to  the  temperature  and 
method  employed  in  drying.  Red  dried  blood  is  of  higher 
grade  than  black,  containing  more  nitrogen,  being  more 
uniform  in  composition  and  having  only  a  small  amount 
of  phosphorus  compounds.  It  usually  contains  13  to  15 
per  cent,  of  nitrogen.  Black  dried  blood  is  often  mixed 
with  hair,  dirt  and  various  kinds  of  animal  refuse  and 
therefore  varies  greatly  in  composition,  the  percentage  of 
nitrogen  ranging  from  6  to  12.  It  also  contains  more  or 
less  phosphorus,  sometimes  as  much  as  1.30  to  1.75  per 
cent,  (equal  to  3  to  4  per  cent,  of  phosphoric  acid).  Black 
dried  blood  is  somewhat  tough  or  leather-like  in  texture 
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and  decays  in  the  soil  less  rapidly  than  the  red.  It  is 
the  black  dried  blood  that  is  most  extensively  used  in  fer- 
tilizers. 

Dried  meat  is  known  under  different  trade-names,  such 
as  animal  matter,  ammonite,  azotin,  meat-meal,  etc.  It 
consists  of  the  dried,  ground,  inedible  soft  portions  of 
animal  carcasses,  such  as  tendons,  membranes  and  other 
portions  of  meat,  from  which  fat  has  been  extracted,  and 
also  of  by-products  from  beef-extract  manufacture.  It 
comes  mainly  from  slaughter-houses  and  rendering- 
plants.  It  varies  considerably  in  composition ;  it  usually 
contains  lo  per  cent,  of  nitrogen  and  often  as  much  as  13 
or  14  per  cent.  It  also  usually  contains  1.30  to  1.75  per 
cent,  of  phosphorus  (equal  to  3  to  4  per  cent,  of  phos- 
phoric acid). 

Tankage  consists  of  a  mixture  of  miscellaneous 
slaughter-house  refuse  that  is  unavailable  for  other  com- 
mercial purposes,  such  as  bone,  flesh,  tendons,  intestines, 
lungs,  blood,  hair,  hides,  horns,  hoofs,  etc.  The  mixed 
materials  are  cooked  in  tanks  under  pressure  to  remove 
fat,  after  which  they  are  dried  and  ground.  Tankage 
varies  greatly  in  composition  because  the  proportions  of 
different  materials  used  vary  greatly.  When  bone  ma- 
terials are  in  excess,  it  is  usually  called  bone-tankage; 
and  when  the  softer,  more  highly  nitrogenous  materials 
predominate,  it  is  often  called  meat-tankage.  In  the  case 
of  small  slaughter-houses,  the  tankage  varies  much  more 
in  every  way  than  that  prepared  by  large  packing-houses 
and  rendering-plants. 

We  recognize  two  general  varieties  of  tankage, 
nitrogenous  or  concentrated  tankage  and  crushed 
or  mixed  tankage.  In  the  first  kind,  the  waste  water  or 
liquor  that  results  from  the  cooking  of  bones  and  meat 
refuse  is  evaporated  and  makes  a  product  high  in  nitro- 
gen, often  over  12  per  cent.,  but  with  little  phosphorus. 
This  product,  which  by  itself  is  usually  sticky  and  diffi- 
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cult  to  liandle,  may  be  ground  and  mixed  with  dry,  inert 
materials  to  give  it  a  good  mechanical  texture,  or  it  may 
be  used  in  mixing  with  ordinary  tankage  to  increase  its 
percentage  of  nitrogen.  In  mixed  or  crushed  tankage, 
the  composition  varies  greatly,  the  nitrogen  ranging 
from  4  to  9  per  cent,  and  the  phosphorus  from  1.3  to  5.3 
per  cent,  (equal  to  3  to  12  per  cent,  of  phosphoric  acid). 
Two  forms  of  tankage  often  quoted  in  price  lists  of  fer- 
tilizing materials  are  the  following:  (i)  4  per  cent,  of 
nitrogen  and  7.5  of  phosphorus  (equal  to  17  of  phos- 
phoric acid),  and  (2)  6.5  per  cent,  of  nitrogen  and  4  of 
phosphorus  (equal  to  9  of  phosphoric  acid).  Owing  to 
the  extreme  variations  in  composition,  tankage  should  be 
bought  only  on  a  guarantee  of  nitrogen  and  phosphorus 
(or  phosphoric  acid). 

Dried  ground  fish  and  acidulated  fish. — Dried  fish,  fish- 
scraps  and  ground  fish,  sometimes  called  fish-guano,  con- 
sist of  by-products  coming  mainly  from  fish-oil  works, 
fish-canning  factories,  fish-salting  plants,  etc.  In  the 
United  States,  menhaden  constitute  the  main  source  of 
fish-scrap.  The  material  obtained  from  the  manufacture 
of  fish-oil  is  the  residue  left  after  extracting  the  oil,  a 
process  which  removes  from  the  fish  little  that  is  of 
value  as  a  fertilizer.  The  fresh  fish  are  cooked  by  steam, 
then  pressed  to  remove  the  oil,  and  dried  either  in  the 
air  or  by  steam,  after  which  the  mass  is  ground.  The 
scrap  is  sometimes  sprinkled  with  dilute  sulphuric  acid 
(oil  of  vitriol)  by  which  putrefaction  is  checked  and  the 
bones  softened  and  to  some  extent  dissolved.  Dried  fish  is 
quite  uniform  in  composition,  containing  6  to  9  per  cent, 
of  nitrogen  and  2.25  to  4  per  cent,  of  phosphorus  (equal 
to  5  to  9  per  cent,  of  phosphoric  acid).  The  product 
coming  from  canning-works  consists  more  largely  of 
skin,  bones,  etc.,  and  is  therefore  more  variable' in  com- 
position, containing  usually  more  phosphorus  and  less 
nitrogen.     Acidulated  dry  fish  usually  contains  slightly 
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smaller  percentages  of  nitrogen  and  phosphorus  than  the 
untreated  fish.  The  source  of  eastern  supply  has  been 
largely  from  the  Atlantic  Ocean,  Lake  Erie,  etc.  Raw  fish 
and  refuse  are  sometimes  applied  as  such  to  the  soil  as 
fertilizer  by  those  living  near  the  source  of  supply.  The 
menhaden  industry  along  the  Atlantic  coast  engages 
about  30  factories,  the  average  annual  output  of  fertilizer 
scrap  amounting  to  about  70,000  tons. 

Hoof-meal  and  horn-dust  are  by-products  of  slaughter- 
houses; they  contain  10  to  15  per  cent,  of  nitrogen  and 
about  0.9  per  cent,  of  phosphorus  (equal  to  2  per  cent, 
of  phosphoric  acid).  These  materials  are  spmetimes 
treated  by  superheated  steam  or  with  dilute  sulphuric 
acid  and  the  nitrogen  is  rendered  more  available  as  plant- 
food. 

Garbage-tankage  is  material  obtained  by  drying  city  gar* 
bage,  which  consists  of  mixed  animal  and  vegetable  refuse. 
Sometimes  it  is  prepared  for  use  as  fertilizer  by  charring, 
but  usually  the  grease  is  extracted  and  the  residue  dried 
and  ground.  Its  composition  varies  greatly.  From  15  to 
30  per  cent,  of  the  garbage  collected  is  available  as 
marketable  tankage.  In  some  cases  the  tankage  is 
treated  with  dilute  sulphuric  acid  and  then  mixed  with 
calcium  phosphate  and  potash  salts  to  produce  a  com- 
plete commercial  fertilizer.  Garbage-tankage  may  con- 
tain 2.5  to  3  per  cent,  of  nitrogen,  0.65  to  1.30  per  cent, 
of  phosphorus  (equal  to  1.5  to  3  per  cent,  of  phosphoric 
acid)  and  0.6  to  1.25  per  cent,  of  potassium  (equal  to  0.7 
to  1.5  per  cent,  of  potash).  This  material  is  regarded  as 
low-grade  plant-food.  In  both  composition  and  avail- 
ability, its  value  is  variable.  It  should  be  purchased  only 
on  a  guarantee  of  composition. 

Commercial  manures  from  animal  excrements. — Dur- 
ing the  past  few  years  there  have  come  into  the  market 
quite  large  quantities  of  dried  and  ground  animal  excre- 
ments.    These  consist  largely  of  manure  obtained   at 
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stock-yards,  with  some  admixture  of  dirt  and  refuse. 
Those  most  commonly  sold  are  cattle,  pig  and  sheep 
manure,  the  last  being  more  common.  The  phosphoric 
acid  is  largely  available.  The  following  analyses  show 
about  how  these  materials  run  in  composition,  the  aver- 
age and  variations  being  given  in  case  of  sheep  and  pig 
manures : 


Table  23- 


-Composition  pp  Commercial  Pulverized 
Animal  Manures 


Pulverized  sheep  manure 

Pig  manure 

Cattle 
manure 

2.50  Per  cent.(1.51  to  3.09) 
0.65                  (0.40  to  1.10) 

1.50                  (0.95  to  2.50) 
1.25                   (0.30  to  1.85) 
1.50                  (0.33  to  2.24) 

1.75  Per  cent.(1.61  to  2.03) 
0.75                  (0.55  to  1.00) 

1.75                  (1.30  to  2.30) 
0.85                   (0.85  to  1.00) 
1.00                  (1.00  to  1.20) 

Percent 
1.34 
0.40 

0.90 
0.70 
0.85 

XNitrogen 

Phosphorus 

(Equal  to   phos- 
phoric acid) . . . 

Potassium 

(Equal  to  potash) 

Nitrogenous  guanos  are  formed  in  warm,  dry  regions 
from  the  excrements  of  birds,  which  are  mixed  with  the 
bodies  of  dead  birds,  fragments  of  fish,  feathers,  seaweed, 
etc.  The  birds  live  largely  on  fish  and  the  resulting  ex- 
crements are  rich  in  nitrogen.  When  these  deposits 
occur  in  warm,  rainless  regions,  they  are  high  in  nitro- 
gen, containing  7  per  cent,  or  more,  and  as  much  as  20 
per  cent,  has  been  reported  in  old  deposits.  The  nitrogen 
in  old  guano  is  mainly  in  the  form  of  ammonia  com- 
pounds. Peruvian  guano,  which  was  once  used  very  ex- 
tensively and  which  was  deposited  on  groups  of  islands 
off  the  coast  of  Peru,  is  practically  exhausted.  Most  of 
the  material  that  now  comes  into  market  consists  of  com- 
paratively fresh  deposits  and  relatively  little  is  used 
in  this  country.  Fresh  deposits  are  being  made  at 
the  rate  of  io,(XX)  tons  a  year,  it  has  been  estimated. 
Fresh  guano  is  light  gray  in  color;  it  may  in  extreme 
cases  contain  as  high  as  16  per  cent,  of  nitrogen  and  4 
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per  cent,  of  phosphorus  (equal  to  9  per  cent,  of  phos- 
phoric acid).  In  time  the  color  changes  to  brown  as  the 
material  undergoes  decomposition.  Most  of  what  now 
comes  into  market  is  a  loose,  dry  powder  and  con- 
tains 5  to  8  per  cent,  of  nitrogen ;  it  often  smells  of  am- 
monia. Some  nitrogenous  guano  is  found  on  Ichabod  Is- 
land and  in  Damaraland  on  the  southwest  coast  of  Africa, 
which  is  less  rich  in  nitrogen  than  that  of  Peru.  In 
some  cases,  low-grade  guano  is  treated  with  ammonium 
sulphate  or  some  other  nitrogen  compound  in  order  to 
make  it  pass  for  a  rich  guano.  "Dissolved"  Peruvian 
guano  has  been  treated  with  dilute  sulphuric  acid  to 
change  its  ammonia  into  sulphate  and  dissolve  the  phos- 
phoric acid  compounds.    Bat  guano  is  found  in  caves  in 

I  America  and  Africa  but  is  insufficient  in  amount  to  be  of 

any  commercial  importance.    In  general,  the  guanos  are 

'  of  greater  historical  interest  than  of  present  or  future 

importance  as  a  source  of  plant-food. 

I  Hair  and  leather. — Hair  is   often   found  mixed  with 

I  dried  blood  and  tankage.    It  is  rich  in  nitrogen,  contain- 

ing about  15  per  cent.  It  decomposes  with  extreme  slow- 
ness and  may  be  regarded  as  practically  useless  for  the 
feeding  of  crops.  The  same  is  true  of  fur-waste  and 
feathers. 

Leather  in  the  form  of  scraps  and  ground  leather  is  a 
waste  product  of  various  industries.    When  treated  with 
superheated  steam  and  then  dried  or  partially  roasted, 
,  the  material  can  be  ground  fine  and  is  then  called  leather- 

I  meal.    Roasted  leather,  finely  ground,  has  been  used  to 

I  adulterate   dried   blood,    which    it   resembles    in    color. 

Leather  contains  7  to  8  per  cent,  of  nitrogen.  It  under- 
goes decomposition  in  soils  with  extreme  slowness 
(p.  432). 

Hair  and  leather  materials  contain  nitrogen  in  a  form 
which  obstinately  resists  the  action  of  micro-organisms 
and  which  therefore  is  practically  unavailable  as  plant- 
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food  during  the  growing  season  of  a  crop.  By  proper 
treatment  with  sulphuric  acid,  the  nitrogen  of  these  and 
similar  materials  can  be  changed  into  forms  more  readily- 
available,  but  the  cost  of  such  treatment  appears,  in  view 
of  present  prices  of  nitrogen,  to  make  it  impracticable. 

Wool-waste  consists  of  by-products  of  such  industries 
as  carpet-making,  manufacture  of  woolen  cloth,  etc.  Pure 
wool  contains  about  15  per  cent,  of  nitrogen,  but  wool- 
waste  usually  is  mixed  with  so  much  cotton  that  the  per- 
centage of  nitrogen  may  be  reduced  as  low  as  5.  The 
nitrogen  in  wool-waste  is  not  quickly  available  plant- 
food.  While  treatment  with  sulphuric  acid  can  make  the 
nitrogen  available,  it  is  too  costly  to  be  practicable. 


CHAPTER  XV 
PHOSPHORUS-CONTAINING  MATERIALS 

The  materials  that  furnish  the  phosphorus  compounds 
used  in  fertUizers  are,  for  the  most  part,  phosphates  of 
calcium  (lime) ;  for  a  description  of  their  chemical  compo- 
sition, the  meaning  of  different  names,  etc.,  see  pages  42- 
49.  Most  of  the  phosphates  used  in  America  come  from 
two  sources,  (1)  mineral  phosphates  and  (2)  bones  of 
slaughtered  animals,  the  latter  furnishing,  however,  only  a 
small  proportion  compared  with  the  former.  In  addition, 
but  in  relatively  small  amounts,  phosphorus  compounds  for 
fertilizing  purposes  are  obtained  from  basic-slag  phosphate, 
fish,  phosphatic  guanos,  vegetable  materials,  etc.  The  manu- 
factured product  called  superphosphate  is  the  form  which, 
whatever  the  source  of  the  original  material,  is  most  exten- 
sively used  in  commercial  fertilizers. 

We  will,  for  convenience,  study  the  phosphorus-containing 
materials  in  accordance  with  the  following  outline : 

I.  Mineral  materials:  (i)  Rock-phosphates,  (2)  apatite, 
(3)  guano  phosphates. 

2.  Animal  materials:  (i)  Bones,  raw  and  steamed,  (2) 
bone-tankage,  (3)  bone-black,  (4)  bone-ash. 

3.  Manufactured  products:  (i)  Superphosphate,  or 
acid  phosphate,  (2)  dissolved  bone,  (3)  concentrated 
superphosphate,  (4)  basic-slag  phosphate,  (5)  Wiborg 
and  Wolter  phosphates,  (6)  Palmaer  phosphate. 

MINERAL  PHOSPHORUS-CONTAINING 

MATERIALS 

By  far  the  largest  part  of  the  phosphorus  compounds 
used  as  fertilizers  in  feeding  crops  comes  from  the  materials 
embraced  in  this  class. 
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Rock-phosphates  are  commonly  known  as  South  Caro- 
lina, Florida,  Tennessee  rock  or  phosphate.  Under  these 
general  terms  we  include  those  deposits  which  consist  more 
or  less  largely  of  tri-calcium  phosphate  CCaaCP04)a,  p. 
47).  These  are  found  in  many  different  places,  varying 
in  form,  condition  and  purity.  They  contain  phosphorus 
varying  in  amount  from  below  9  to  18  per  cent,  or  more 
(equal  to  20  to  40  per  cent,  of  phosphoric  acid  (P2O6), 
or  to  about  45  to  90  per  cent,  of  tri-calcium  phosphate)  ; 
the  usual  proportions  are  between  11  and  15.5  per  cent. 
of  phosphorus  (about  equal  to  25  and  35  per  cent,  of 
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phosphoric  acid,  or  55  and  77  per  cent,  of  tri-calcium  phos- 
phate). The  materials  mixed  as  impurities  with  rock- 
phosphate  are  usually  sand,  clay  and  limestone  (calcium 
carbonate).  Deposits  of  rock-phosphates  occur  exten- 
sively in  Florida,  South  Carolina  and  Tennessee,  which 
have  been  worked  for  periods  varying  from  about  20  to 
more  than  40  years.  Deposits  have  been  reported  in 
Pennsylvania,  New  Jersey,  New  York,  North  Carolina. 
Arkansas,  Kentucky,  Nevada  and  California,  but  of 
these  only  the  Arkansas   field    has   become   productive. 
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During  the  past  five  years  immense  deposits  of  unknown 
extent  have  been  discovered  in  Utah,  Wyoming  and 
Idaho,  which  have  not  been  developed  yet.  The 
lands  containing  these  northwestern  deposits  have  been 
kept  under  the  control  of  the  national  government  in 
order  to  prevent  their  wasteful  exploitation  by  private 
interests.  Undoubtedly  numerous  extensive  phosphate 
fields  remain  yet  to  be  discovered.  Deposits  occur  in 
many  other  countries,  but  there  is  none  yet  known  so 
extensive  as  those  of  the  United  States* 

The  mining  of  American  phosphate  rock  began  in  South 
Carolina  in  1868  and  in  Florida  20  years  later,  and  in  Ten- 
nessee in  1892.  Since  1867  the  amount  of  rock-phosphate 
produced  in  this  country  has  been  about  35  million  tons, 
valued  at  $140,000,000,  much  of  which  has  been  exported 
to  Europe,  which  has  for  years  absorbed  practically 
all  of  the  high-grade  output  of  Florida.  Something 
of  the  recent  growth  and  extent  of  the  industry  can 
be  realized  from  the  fact  that  there  was  an  increase  in  the 
production  of  phosphate  rock  from  about  one  million  tons 
(valued  at  $2,675,000)  in  1897  to  about  2,400,000  tons 
(valued  at  about  $11,000,000)  in  1909;  nearly  one-half  of 
our  output  is  exported,  the  exports  of  phosphate-rock 
amounting  in  1909  to  1,020,000  tons,  valued  at  $4,500,000. 

Outside  of  the  United  States,  the  most  extensive  and 
important  deposits  of  rock-phosphates  are  probably  those  of 
North  Africa,  which  are  rich  in  phosphorus  compounds 
and  with  only  small  amounts  of  impurities.  Numerous 
West  Indian  and  Pacific  Ocean  islands  contain  deposits,  but 
many  of  these  have  been  practically  exhausted.  England 
France,  Belgium  and  Germany  also  furnish  some  deposits, 
bitt  they  are  usually  of  low  grade.  Extensive  deposits 
hsive  been  recently  reported  in  China. 

There  are  many  facts  of  general  interest  in  regard  to  the 
c?tnposi^ion,  character,  formation  and  extent  of  the  different 
T^hosphate  fif  Ids  in  the  United  States,  but  we  can  only  touch 
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superficially  upon  a  few  of  the  more  important.  The  rock- 
phosphate  of  South  Carolina  usually  varies  from  10  to  12.5 
per  cent,  of  phosphorus  (equal  to  23  to  28  per  cent,  of 
phosphoric  acid,  or  51  to  62  per  cent,  of  tri-calcium  phos- 
phate) ;  those  of  Florida,  from  below  9  to  over  18  per  cent, 
of  phosphorus  (equal  to  20  to  40  per  cent,  of  phosphoric 
acid  or  45  to  90  per  cent,  of  tri-calcium  phosphate)  ;  those 
of  Tennessee  from  below  9  to  over  15  (equal  to  20  to  35  per 
cent,  of  phosphoric  acid,  or  45  to  'jy  per  cent,  of  tri-calcium 
phosphate),  but  much  of  it  is  near  the  higher  amount.  In 
both  South  Carolina  and  Florida,  the  material  is  found  in 
beds  varying  in  thickness  from  one  foot  to  many  feet. 
These  deposits  are  often  located  in  beds  of  rivers ;  the  phos- 
phate material  is  distributed  through  these  beds  in  chunks 
varying  in  size  from  that  of  small  pebbles  to  that  of 
immense  rocks  weighing  over  a  ton.  The  material,  after 
being  removed  from  its  location,  is  usually  washed  free 
from  the  accompanying  impurities,  after  which  it  is  dried 
and  ground  fine.  When  ground  so  fine  as  to  be  dust-like, 
phosphate  rock  is  called  '* floats"  In  many  cases,  especially 
in  the  river  deposits,  the  material  contains  fossilized  frag- 
ments of  fish  bones,  shells,  shark's  teeth,  etc.  The  Tennessee 
phosphate  is  found  in  masses  in  the  forxn  of  veins  and 
pockets.  It  is  fairly  free  from  iron  and  aluminum  com- 
pounds (2  to  5  per  cent.)  but  contains  10  to  14  per  cent,  of 
calcium  carbonate ;  it  can  be  ground  without  previous  wash- 
ing and  drying.  The  South  Carolina  and  Florida  phosphates 
contain  but  little  iron  and  aluminum  compounds  but  con- 
siderable sand  and  calcium  carbonate.  The  South  Carolina 
land-phosphate  contains  some  iron  and  aluminum  com- 
pounds (2  to  4  per  cent).  The  objectionable  effect  of  iron 
and^  aluminum  compounds  in  rock-phosphate  upon  the  phos- 
phate constituents  of  fertilizers  will  be  considered  under  the 
subject  of  superphosphates  (p.  273). 

Apatite  is  a  mineral  containing  calcium  phosphate  and, 
in  addition,  one  of  the  elements,  fluorine  or  chlorine.    Pure 
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apatite  contains  about  17.5  per  cent,  of  phosphorus  (equal 
to  40  per  cent,  of  phosphoric  acid  or  88  per  cent,  of  tri-cal- 
cium  phosphate).  Apatite  is  a  definite  chemical  compound 
and  is  probably  the  original  source  of  phosphorus  in  all 
other  phosphorus  compounds.  It  is  more  widely  distributed 
than  any  other  form  of  phosphate.  Its  use  in  making  fer- 
tilizers is  limited  because  it  is  extremely  hard  and  does  not 
dissolve  easily  in  acids.  It  is  mined  in  a  small  way  in  Can- 
ada and  Norway.  Apatite,  as  taken  from  the  ground,  is 
mixed  more  or  less  with  other  substances  present  in  the 
earth;  it  therefore  varies  in  composition  according  to  the 
amount  of  impurities,  usually  ranging  from  14  to  18  per  cent, 
of  phosphorus  (equal  to  32  to  41  per  cent,  of  phosphoric 
acid,  or  70  to  90  per  cent,  of  tri-calcium  phosphate).  Cana- 
dian apatite  is  usually  high  in  phosphorus.  Apatite  is  some- 
times used  in  making  special  preparations,  which  will  be 
noticed  under  manufactured  products  (p.  277). 

Guano  phosphates. — Guanos  containing  considerable 
percentages  of  phosphorus  were  for  some  years  extensively 
used  until  the  rock-phosphate  largely  displaced  the  trade. 
Small  amounts  still  come  into  the  market,  mainly  from  the 
West  Indies  and  from  islands  in  various  parts  of  the  Pacific 
Ocean. 

ANIMAL  PHOSPHORUS-CONTAINING  • 

MATERIALS 

In  large  packing-houses,  all  bones  of  any  appreciable  size 
are  utilized  for  various  commercial  purposes,  such  as 
the  manufacture  of  buttons,  knife-handles,  etc.,  and  only 
the  discarded  fragments  and  small  bones  that  cannot  be 
otherwise  utilized  go  into  fertilizing  material.  Bones 
furnished  to  agriculture  practically  all  of  the  phosphorus 
applied  as  fertilizer  until  the  advent  of  the  rock-phos- 
phate. 

Bones  and  bone  products  used  for  fertilizing  purposes 
are  known  under  such  general  names  as  bone  phosphate. 
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atiimal  phosphate,  hone  phosphate  of  lime,  hont-tankagc, 
bone-black,  bone-ash,  etc 

The  materials,  aside  from  water,  of  which  bones  consist 
can  be  divided  into  two  kinds,  inorganic  and  organic.  The 
inorganic  portion  constitutes  the  hard  framework,  making 
up  from  $0  to  60  per  cent,  of  the  whole  weight  of  raw  bone 
(about  70  per  cent,  of  dry  bone),  and  consists  largely  of 
tri-calcium  phosphate  (Ca3(P04)2,  p.  45)  with  small 
amounts  of  calcium  and  magnesium  carbonate.  The 
organic  part  of  bones  consists  mainly  of  two  substances : 
(l)  A  soft,  flesb-like  substance  called  ossein  or  collagen. 
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distributed  through  the  entire  mass  of  the  bone  (form- 
ing 25  to  30  per  cent,  of  the  weight) ;  this  material  is 
commcaily  known  as  hone-cartilage  and  is  very  rich  in 
nitrogen.  (2)  The  other  organic  substance  is  animal  fat. 
When  a  bone  is  allowed  to  lie  in  a  dilute  acid  for  some 
time,  the  inorganic  framework  (calcium  phosphate)  is  com- 
pletely dissolved,  leaving  the  soft,  cartilaginous  organic  mat- 
ter still  holding  the  original  shape  of  the  bone.  The  familiar 
substance,  gelatin,  is  a  direct  product  of  the  bone-cartilage. 
fonned  by  boiling  bones  a  long  time.    Gelatin  by  furthet 
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treatment  can  be  converted  into  glue.  When  bones  are 
burned,  the  fat  and  nitrogenous  compounds  are  destroyed, 
and  only  the  mineral  portion  remains. 

The  amount  of  phosphorus  and  nitrogen  in  bones  varies 
with  different  conditions,  such  as  kind  of  animal,  age,  loca- 
tion of  bone,  etc.  For  example,  fish  bones  are  much  richer 
in  nitrogen  than  beef  bones.  Bones  of  young  animals  con- 
tain more  nitrogen  and  less  phosphorus,  as  compared  with 
older  animals.  The  large,  hard  bones>  the  ones  bearing 
greatest  strain>  are  richer  in  phosphorus  and  less  rich  in 
nitrogen  than  the  smaller,  more  compact  bones.  However, 
the  differences  that  we  find  in  the  percentages  of  nitrogen 
and  phosphorus  in  the  bones  used  for  fertilizing  purposes 
are  due  more  largely  to  differences  in  methods  of  treatment 
than  to  differences  of  compositicm  in  the  original  bones. 

Raw  bone  includes  any  bone  that  has  been  ground  in  its 
natural  state  without  previous  treatment  by  steaming,  boil- 
ing, etc.  It  is  usually  found  in  market  under  the  names  of 
bone-meal,  raw  bone-meal,  coarse  ground  bone,  etc.  Raw 
bone  contains  the  fat  naturally  present  in  bones,  and  its 
presence  is  objectionable  for  the,  following  reasons:  (i) 
The  presence  of  f  a^  makes  it  practically  impossible  to  grind 
bone  fine  enough  for  use  as  a  fertilizer.  (2)  The 
fat  protects  the  particles  of  bones  from  bacterial  action  and 
makes  decomposition  in  the  soil  much  slower.  (3)  It  is 
believed  that  some  of  the  decomposition  products  of  fat, 
when  present  in  soils,  are  poisonous  to  plants.  (4)  The  fat 
itself  has  no  value  as  plant-food,  but  by  its  presence  reduces 
the  percentage  of  nitrogen  and  phosphorus  in  bone. 

Raw  bone  of  good  commercial  quality  should  contain  3.5 
to  4.5  per  cent,  of  nitrogen,  and  9  to  1 1  per  cent,  of  phos- 
phorus (about  equal  to  20  to  25  per  cent  of  phosphoric  acid, 
or  to  45  to  55  per  cent,  of  tri-calcium  phosphate). 

Steamed  bone  products  include  materials  sold  under 
various  commercial  names,  such  as  bone-meal,  fine  hone- 
meal,  pure  ground  bone,  bone-flour,  bone-dust,  etc.     The 
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various  terms  refer  usually  to  fineness  of  division  rather 
than  to  differences  of  composition.  Finehess  of  bone  affects 
its  value  as  fertilizing  material ;  the  finer  the  particles,  the 
more  quickly  do  its  plant-food  constituents  become  available. 
Most  of  the  bone  products  used  for  agricultural  purposes 
have  been  treated  by  some  process  which  removes  the  fat, 
to  be  used  in  soap-making,  and  usually  more  or  less  nitrogen 
for  making  gelatine  or  glue,  according  to  the  process 
employed.  On  account  of  the  large  demand  for  bones  for 
various  purposes  and  their  consequent  increase  of  value, 
there  has  been  some  temptation  to  adulterate  bone  products, 
both  raw  and  steamed,  with  such  substances  as  calcium  car- 
bonate, gypsum,  coal-ashes,  ground  oyster-shells,  ground 
rock-phosphate,  etc. 

Fat  is  removed  from  bones  by  boiling  in  water  or  by 
steaming  under  pressure.  In  some  cases  the  fat  is  extracted 
by  treatment  with  benzine,  a  process  which  has  the  advan- 
tage of  removing  little  or  no  nitrogenous  material,  while 
treatment  with  boiling  water  or  with  steam  takes  out  some 
of  the  nitrogen  compounds.  By  treating  the  fat-free  bones 
at  a  much  higher  temperature  and  pressure  (50  or  60 
pounds),  the  cartilaginous  part  of  the  bone  is  converted  into 
gelatin,  which  dissolves  in  water  and  separates  from  the 
mineral  portion  of  the  bone.  The  removal  of  fat  makes  fine 
grinding  much  easier,  and  removal  of  part  of  the  cartilage 
from  the  fat-free  bone  makes  it  possible  to  grind  the 
remaining  portion  very  fine.  Steamed  bone-meal  or  bone- 
flour  generally  has  a  somewhat  gritty  feeling  and  a  charac- 
teristic odor. 

The  composition,  as  well  as  the  fineness,  of  bone  products 
is  affected  by  the  character  of  treatment  they  have  been 
subjected  to.  Fat-free  bone-meal  contains,  according  to 
samples  on  the  market,  1.8  to  3.5  per  cent,  of  nitrogen  and 
from  9.7  to  12.3  per  cent,  of  phosphorus  (about  equal  to 
22  to  28  per  cent,  of  phosphoric  acid  or  48  to  62  per  cent, 
of  tri-calcium  phosphate).    In  case  of  bone  treated  for  the 
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manufacture  of  gelatin  or  of  glue,  the  nitrogen  is  often 
reduced  below  2  per  cent,  and  sometimes  below  i  per  cent., 
while  the  phosphorus  may  go  as  high  as  12  or  even  13  per 
cent,  (about  equal  to  28  to  30  per  cent,  of  phosphoric  acid., 
or  62  to  66  per  cent,  of  tri-calcium  phosphate).  The  bone- 
dust  of  one  particular  glue-factory  during  a  period  of  several 
years  has  varied,  for  example,  from  1.16  to  1.74  per  cent,  of 
nitrogen  and  from  10.56  to  13.64  per  cent,  of  phosphorus 
(equal  to  24  to  31  per  cent,  of  phosphoric  acid,  or  52.8  to 
68.2  per  cent,  of  tri-calcium  phosphate).  Bone-flour  pre- 
pared from  bone  after  the  extraction  of  fat  with  benzine 
may  contain  as  much  as  6  per  cent,  of  nitrogen.  Some  prod- 
ucts appear  on  the  market  under  the  name  of  bone-meal, 
containing  less  than  2  per  cent,  of  nitrogen  and  only  7  or 

7.5  per  cent,  of  phosphorus  (equal  to  16  to  17  per  cent,  of 
phosphoric  acid,  or  35  to  37  per  cent,  of  tri-calcium  phos- 
phate). In  view  of  the  possibility  of  so  great  variations, 
it  can  be  readily  understood  how  important  it  is  to  purchase 
these  materials  only  under  definite  guaranteed  percentages 
of  nitrogen  and  phosphorus.  The  degree  of  fineness  should 
also  be  guaranteed. 

Bone-tankage,  while  more  or  less  rich  in  nitrogen,  con- 
tains varying  amounts  of  phosphorus,  according  to  the  rela- 
tive proportions  of  bone  and  meat  present.  Tankage  con- 
sisting almost  entirely  of  bone  is,  of  course,  about  like  bone 
in  composition.  It  also  follows  that  in  a  genuine  bone- 
tankage  the  higher  the  percentage  of  phosphorus,  the  lower 
is  the  percentage  of  nitrogen.  The  bone  in  tankage  may 
be  usually  regarded  as  having  the  same  agricultural  value 
as  boiled  or  steamed  bone  of  the  same  degree  of  fineness. 
The  materials  of  tankage  are  often  found  to  be  rather  too 
coarse. 

The  phosphorus  in  tankage  may  vary  all  the  way  from 

2.6  to  8.8  per  cent,  (about  equal  to  6  to  20  per  cent,  of  phos- 
phoric acid,  or  13  to  44  per  cent,  of  tri-calcium  phosphate). 
Bone-tankage  proper  may  be  regarded  as  containing  from 
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6.6  to  8.8  per  cent,  of  phosphorus  (equal  to  15  to  20  per 
cent,  of  phosphoric  acid,  or  33  to  44  per  cent,  of  tri-calcium 
phosphate).  Tankage  should  never  be  purchased  except 
on  a  guaranteed  percentage  of  nitrogen  and  phosphorus. 
In  illustration  of  the  importance  of  purchasing  only  guar- 
anteed material  the  following  figures  represent  results  of 
samples  of  tankage  recently  analyzed : 

Table  24 — Variation  in  Composition  of  Tankage 


Percent,  of 

Per  cent,  of 

Phosphoric 

Tri-caldum 

nitrogen 

phosphorus. 

add 
(PsOs) 

phosphate 

9.7 

2.64 

6.0 

13.2 

6.5 

4.10 

9.3 

20.5 

6.5 

5.50 

12.5 

27.5 

6.0 

5.70 

12.9 

28.5 

5.5 

7.50 

17.0 

37.5 

5.0 

7.90 

18.0 

39.5 

Bone-black,  known  also  as  animal  charcoal  and  bone- 
charcoal,  is  a  product  manufactured  from  bone,  which  finds 
its  chief  use  in  sugar-refineries.  Bone-black  is  made  by 
heating  carefully  selected  bones  in  closed  vessels,  with 
exclusion  of  air.  By  this  process,  the  fat,  nitrogen  and  water 
are  removed  and  the  remaining  mass  consists  mainly  of 
tri-calcium  phosphate  and  carbon.  It  is  ground  into  a  coarse, 
granular  condition  and  thus  becomes  commercial  bone-black. 
The  presence  of  the  carbon,  coating  the  particles  of  phos- 
phate, makes  it  slow  to  change  to  available  plant-food,  offer- 
ing resistance  to  bacterial  or  other  dissolving  agents.  When 
bone-black  has  been  used  repeatedly  in  sugar-refining,  it 
becomes  useless  for  the  purpose  and  is  sold  as  a  fertilizer 
either  for  direct  use  or  to  be  made  into  superphosphate, 
known  as  dissolved  bone-black.  Good  bone-black  may  con- 
tain 13  per  cent,  or  more  of  phosphorus  (equal  to  30  per 
cent,  of  phosphoric  acid,  or  66  per  cent,  of  tri-calcium  phos- 
phate). At  the  present  time  bone-black  forms  only  an  insig- 
nificant part  of  the  phosphorus  used  in  fertilizers. 

Bone-ash,  as  the  name  implies,  is  made  simply  by  burn- 
ing bones  in  open  air.    The  nitrogen  is,  of  course,  wholly 
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lost,  the  remaining  portion  containing  13  to  15  per  cent,  of 
phosphorus  (equal  to  30  to  35  per  cent,  of  phosphoric  acid, 
or  66  to  J7  per  cent,  of  tri-calcium  phosphate).  It  was  form- 
erly imported  from  Argentina  but  is  now  practically  out  of 
the  market. 

MANUFACTURED   PRODUCTS 

Superphosphate  or  acid  phosphate. — Under  this  head 
we  consider  the  products  made  by  treating  an  insoluble 
phosphate  with  an  acid  and  thereby  changing  it  into  a  soluble 
phosphate.  The  process  was  first  applied  to  bones,  but  at  the 
present  time  rock-phosphate  furnishes  the  material  that  is 
almost  exclusively  employed.  The  term,  superphosphate^ 
may  be  regarded  as  a  general  term  applying  to  any  soluble 
phosphate  prepared  by  treatment  with  an  acid,  while  the 
expression,  acid  phosphate,  is  applied  more  particularly  to 
soluble  phosphate  made  by  treating  rock-phosphate  with  sul- 
phuric acid  (oil  of  vitriol).  In  our  American  market  quo- 
tations, the  use  of  the  word  superphosphate  has  been  almost, 
if  not  entirely,  superseded  by  the  expression,  acid  phosphate, 
while  in  England  the  latter  term  is  rarely  used. 

In  general,  superphosphates  may  be  defined  as  mixtures 
consisting  chiefly  of  soluble  or  acid  calcium  phosphate 
(CaH4(P04)2,  p.  47)  and  hydrated  calcium  sulphate 
(gypsum,  p.  55)  with  small  amounts  of  other  constitu- 
ents coming  from  the  impurities  in  the  original  phos- 
phate material. 

With  pure  tri-calcium  phosphate  (Ca3(P04)2)  100 
pounds  would  require  about  63  pounds  of  pure 
sulphuric  acid,  and  would  produce  about  75  pounds 
of  soluble  or. acid  calcium  phosphate  and  88  pounds  of 
gypsum  (calcium  sulphate  and  water).  Therefore,  in 
100  pounds  of  the  completed  superphosphate  made  from 
pure  materials,  there  would  be  about  54  pounds  of 
gypsum  and  46  pounds  of  soluble  calcium  phosphate 
(equal  to  12  per  cent,  of  phosphorus  or  28  per  cent,  of 
phosphoric  acid).  But  we  usually  have  a  considerably 
larger  proportion  of  calcium  sulphate  and  a  correspond- 
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ingly  smaller  proportion  of  soluble  calcium  phosphate, 
because  the  phosphate  material  usually  contains  some 
calcium  carbonate  or  other  constituents  that  reduce  th<e 
proportion  of  soluble  phosphate  and  increase  that  of 
gypsum  in  the  completed  product. 

In  making  insoluble  into  soluble  phosphate,  it  is  seen,  there- 
fore, that  the  process  is  one  of  dilution  so  far  as  the  percent- 
age of  phosphorus  is  concerned.  Whatever  the  percentage  of 
phosphorus  in  an  insoluble  phosphate,  whether  rock,  bone, 
apatite,  or  other  form,  the  percentage  of  phosphorus  in  the 
completed  product  is  less  than  half  what  it  was  before  dilu- 
tion by  treatment  with  sulphuric  acid.  (For  the  chemical 
reactions  representing  the  action  of  sulphuric  acid  in  the 
production  of  superphosphate,  see  page  46.) 

In  the  manufacture  of  acid  phosphate  or  other  super- 
phosphate, the  material  is  very  finely  ground  and  mixed  with 
sulphuric  acid,  diluted  so  as  to  contain  about  60  per  cent, 
of  the  pure  acid.  The  mixed  mass,  more  or  less  wet  and 
hot,  is  allowed  to  stand  for  some  time  until  the  chemical 
changes  are  completed;  the  gypsum  formed  takes  up  the 
water  and  the  whole  mass  solidifies,  after  which  it  is  crushed 
fine  and  stored.  In  those  phosphate  materials  in  which  the 
impurity  is  largely  calcium  carbonate,  more  acid  is  used  and 
the  product  contains  more  gypsum  and  is  therefore  more  dry 
and  more  easily  powdered.  In  order  to  avoid  the  pres- 
ence of  free  sulphuric  acid  in  acid  phosphate,  somewhat 
less  sulphuric  acid  is  used  than  is  actually  required  to 
dissolve  the  phosphate  completely.  Acid  phosphate 
generally,  therefore,  contains  some  undissolved  tri-cal- 
cium  phosphate,  which,  on  standing,  reacts  with  the 
soluble  phosphate  and  forms  some  reverted  calcium 
phosphate  (p.  48). 

The  amount  of  sulphuric  acid  that  should  be  used  depends 
upon  the  composition  of  the  phosphate  material.  Excess 
of  acid  is  to  be  avoided  for  three  reasons :  ( i )  It  results  in 
an  undesirable,  sticky,  mechanical  condition,    (2)    it   is 
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disagreeable  to  handle,  and  (3)  it  is  difficult  to  store  in  bags 
because  the  acid  destroys  them.  *  Roughly,  about  one-half 
ton  of  sulphuric  acid  is  used  in  making  one  ton  of  super- 
phosphate. "Sludge"  acid,  which  is  obtained  in  large 
amounts  from  the  refining  of  petroleum  and  which  cannot  be 
economically  purified  for  repeated  use,  has  been  extensively 
used  in  making  acid  phosphate.  This  acid  imparts  to  the 
product  a  characteristic  odor.  The  claim  has  been  made  that 
acid  phosphate  made  with  "sludge"  acid  is  injurious  to  plants 
owing  to  poisonous  products  contained  in  the  acid.  No  evi- 
dence has  been  furnished  to  confirm  such  a  statement. 

The  impurities  in  rock-phosphates  that  interfere  most  seri- 
ously with  their  conversion  into  satisfactory  acid  phosphate 
are  compounds  containing  iron  and  aluminum.  These  com- 
pounds interfere  with  satisfactory  results  in  two  ways :  ( i ) 
The  resulting  mixture  has  a  jelly-like  consistency,  which  is 
hard  to  handle  or  convert  into  a  dry,  fine  powder.  (2)  The 
presence  of  iron  or  aluminum  compounds  tends  to  cause  the 
formation  of  reverted  phosphate  (p.  47),  in  which  the  very 
insoluble  iron  and  aluminum  phosphates  form  an  imdesir- 
ably  large  proportion. 

There  are  two  well-recognized  grades  of  acid  phosphate 
in  the  market,  one  containing  about  6  and  the  other  7  per 
cent,  of  phosphorus  (equal  to  14  and  16  per  cent,  of  phos- 
phoric acid).  Some  brands  found  in  the  market  run  as  low 
as  4.8  and  5.3  per  cent,  of  phosphorus  (equal  to  11  and  I2 
per  cent,  of  phosphoric  acid).  Most  samples  contain  about 
6  per  cent,  of  phosphorus  (equal  to  14  per  cent,  of  phos- 
phoric acid).  In  actual  analysis,  samples  found  in  the  hands 
of  retailers  run  from  5  to  8  per  cent,  of  phosphorus  (equal 
to  II  to  18  per  cent,  of  phosphoric  acid),  but  usually  between 
5.75  and  6.6  per  cent,  of  phosphorus  (equal  to  13  to  15  per 
cent,  of  phosphoric  acid).  They  generally  contain  0.45  to  1.3 
per  cent,  of  phosphorus  (equal  to  i  to  3  per  cent,  of  phos- 
phoric acid)  in  reverted  form  and  about  the  same  amount 
of  insoluble. 

In  appearance  an  acid  phosphate  is  usually  a  grayish 
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powder,  sometimes  quite  dark  in  color,  depending  largely 
on  the  color  of  the  original  phosphate  material  used  in  the 
manufacture. 

Dissolved  bone,  known  also  as  acidulated  hone-meal, 
bone  superphosphate,  etc.,  was  the  form  of  superphosphate 
that  was  made  first  We  do  not  need  to  pay  much  attention 
to  it,  because  it  is  extremely  rare ;  but  in  this  connection  it 
is  well  to  call  attention  to  a  condition  existing  in  the  fer- 
tilizer trade  in  regard  to  the  brand-names  applied  to  super- 
phosphates, many  of  which  imply  that  the  soluble  phosphate 
IS  made  from  bone.  Among  these  trade-names  are  the  fol- 
lowing: Acidulated  bone,  S.  C.  bone,  soluble  bone,  dissolved 
bone,  dissolved  bone  phosphate,  besides  special  brand-names 
that  have  no  particular  meaning  or  reference  to  the  composi- 
tion of  the  product  To  illustrate  the  common  occurrence 
of  the  multiplicity  of  trade-names  for  soluble  phosphates, 
we  give  a  recent  typical  experience  in  the  case  of  40  differ- 
ent samples  of  superphosphates  that  were  taken  in  the  official 
collection  of  fertilizers  in  New  York  State  in  one  season. 
They  were  sold  under  20  different  names,  each  name  being 
represented  one  to  seven  times.  In  these  40  samples  there 
was  only  one  genuine  bone  superphosphate  and  yet  in  20 
samples  a  name  was  used  that  suggested  the  material  to  be 
dissolved  bone.  The  term  acid  phosphate  was  used  only 
seven  times,  although  it  should  have  been  used  39  times, 
while  the  term  superphosphate  did  not  occur  once.  It  should 
be  added  that  there  is  a  simple  method  for  distinguishing 
superphosphate  made  with  bone  from  that  made  with  rock- 
phosphate  ;  if  the  guaranteed  statement  of  analysis  includes 
nitrogen,  the  material  is  probably  dissolved  bone,  but  if 
only  phosphoric  acid  is  given  in  the  guarantee,  the  material 
is  acid  phosphate. 

It  is  not  difficult  to  understand  how  this  method  of  mis- 
representation has  originated.    There  has  been  a  widespread 
belief  that  the  soluble  phosphoric  acid  in  bone-superphos- 
phate is  superior  as  plant-food  to  that  in  dissolved  rock 
phosphate,  and  farmers,  in  holding. this  belief,  have  been 
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encouraged  to  buy  acid  phosphate  under  the  name  of  dis- 
solved bone.  The  relative  plant-food  value  of  these  two 
products  will  be  considered  later  (p.  433). 

Concentrated  superphosphates. — If^we  treat  tri-calcium 
phosphate  (Ca3(P04)2)  with  free  phosphoric  acid 
(H3PO4)  in  place  of  sulphuric  acid,  we  obtain  a 
product  that  may  contain  as  much  as  17.5  per  cent,  of 
phosphorus  (equal  to  40  per  cent,  of  phosphoric  acid, 
P2O5),  an  amount  about  three  times  greater  than  is 
contained  in  the  ordinary  superphosphate  or  acid  phos- 
phate. This  is  known  as  double  superphosphate, 
phosphoric  acid  superphosphate,  concentrated  superphos- 
phate, etc.  It  is  expensive  to  make  and  its  use  is  prac- 
tically limited  to  cases  where  long-distance  transporta- 
tion and  consequent  saving  of  freight  is  important.  It  is 
made  in  Europe  in  limited  amounts. 

Nitrate-superphosphate. — It  has  been  proposed  to 
substitute  nitric  acid  for  sulphuric  acid  in  dissolving  rock- 
phosphate,  which  would  result  in  a  product  containing  solu- 
ble calcium  phosphate  and.  in  place  of  comparatively  value- 
less hydrated  calcium  sulphate  (gypsum),  the  highly 
valuable  calcium  nitrate.  For  100  pounds  of  pure  tri- 
calcium  phosphate,  there  would  be  required  the  equiva- 
lent of  252  pounds  of  pure  nitric  acid,  and  there  would 
be  formed  about  75  pounds  of  soluble  calcium  phosphate 
and  106  pounds  of  calcium  nitrate.  The  advantage  of 
such  a  mixture  would  be  the  presence  of  plant-food 
nitrogen  in  addition  to  phosphorus  and,  therefore,  a 
more  concentrated  preparation  of  plant-food,  which 
would  result  in  saving  of  freight.  It  is  believed  that  this 
plan  will  prove  feasible  as  soon  as  the  artificial  production 
of  nitric  acid  has  been  sufficiently  cheapened.  In  that  case 
the  nitric  acid  factory  will  be  located  near  the  supply  of 
rock-phosphate. 

Basic-slag  phosphate  is  known  also  as  Thomas  phos- 
phate powder,  basic-iron  slag,  phosphate  slag,  etc.     It  is 
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a  by-product  formed  in  the  manufacture  of  steel  from  iron 
ores  containing  a  considerable  amount  of  phosphorus  com- 
pounds, when  an  excess  of  calcium  oxide  (lime)  is  used  in 
the  steel-making  process.  It  is  a  heavy,  black  powder, 
usually  of  a  fineness  that  enables  80  per  cent,  or  more  to 
pass  through  a  sieve  whose  meshes  are  one-hundredth  of  an 
inch  in  size. 

The  use  of  basic-slag  phosphate  has  never  been  very 
extensive  in  the  United  States,  owing  to  the  fact  that  most 
of  our  iron  ores  do  not  contain  phosphorus  enough  to  make 
a  slag  rich  in  phosphate.  About  twenty  years  ago  or  more, 
considerable  amounts  were  made  at  Pottstown,  Pa.,  contain- 
ing 8  to  9  per  cent,  of  phosphorus  (equal  to  18  to  20  per 
cent,  of  phosphoric  acid)  and  selling  under  the  name  of 
"odorless  phosphate."  The  price  was  too  high  to  make  the 
material  an  -economical  source  of  phosphorus  and  none  has 
been  found  in  market  for  some  years.  Basic-slag  phosphate 
made  at  Troy  and  other  places,  has  been  offered  for  sale  as  a 
fertilizer,  but  its  phosphorus  percentage  is  low.  Europe  at 
present  produces  and  uses  practically  all  of  the  basic-slag 
phosphate  of  high  grade.  Within  a  few  years  it  has  been 
imported  in  limited  amounts  into  tliis  country,  about  20,000 
tons  having  been  sold  in  19 10.  The  imported  basic-slag 
phosphate  usually  contains  about  7.5  to  8  per  cent,  of  phos- 
phorus (equal  to  17  to  18  per  cent,  of  phosphoric  acid). 

The  exact  composition  of  basic-slag  phosphate  is  not  satis- 
factorily settled  as  yet.  Among  the  chief  constituents,  other 
than  phosphorus,  there  are  found  compounds  containing 
calcium  (35  to  45  per  cent.),  magnesium  (3.5  per  cent.), 
iron  (13  to  14  per  cent.),  manganese  (6  to  7  per  cent.),  sili- 
con (3  per  cent.).  The  percentages  given  ar^  only  approxi- 
mate. The  exact  form  of  combination  in  which  tlie  phos-* 
phorus  occurs  is  a  matter  of  some  dispute.  So  far  as  present 
evidence  goes,  it  is  probable  that  most  of  the  phosphorus  is  a 
double  silicate  and  phosphate  of  calcium  (CaO)5P205.Si02, 
while  smaller  amounts  exist  as  tetra-calcium  phosphate 
(CaO)4,P205  (p.  49).     Such  a  compound  as  the  silicate 
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contains  about  12.8  per  cent,  of  phosphorus  (equal  to  29  per 
cent,  of  phosphoric  acid),  5.2  per  cent,  of  silicon  (equal  to 
II  per  cent,  of  silica,  Si02)  and  40  per  cent,  of  calcium 
(equal  to  56  p^r  cent,  of  lime,  CaO).  In  regard  to  the  form 
in  which  calcium  is  combined  in  basic-slag  phosphate,  gen- 
erally less  than  2,  and  often  less  than  i  per  cent.,  is  present  as 
calcium  oxide  or  so-called  free  lime,  while  the  amount  of 
carbonate  is  insignificant.  The  calcium  therefore  exists 
largely  as  phosphate  and  silicate.  The  use  of  basic  slag- 
phosphate  as  a  fertilizer  will  be  considered  later  (p. 
436). 

Wiborg  and  Welter  phosphates. — ^As  a  matter  of  in- 
formation rather  than  of  practical  importance,  we  briefly 
call  attention  to  some  Euiopean  manufactured  phosphate 
products  prepared  by  heating  apatite  (p.  264)  with  sodium 
carbonate,  feldspar  or  other  materials.  The  product  of  one 
process  is  known  as  Wiborg  phosphate  and  of  another  as 
Wolter  phosphate.  The  resulting  preparations  contain  phos- 
phorus compounds  in  readily  available  form. 

Palmaer  phosphate,  a  European  product,  is  the  most 
recent  commercial  material  in  this  line.  It  has  the  special 
advantage  of  being  able  to  utilize  the  mineral  apatite,  which 
is  not  adapted  to  the  manufacture  of  superphosphate  by 
ordinary  methods.  The  operation  consists  in  treating  the 
mineral  phosphate  with  chloric  or  perchloric  acid  generated 
by  electricity  from  the  sodium  salts.  The  product  contains 
36  to  38  per  cent,  of  phosphoric  acid  (16  to  17  per  cent,  of 
phosphorus)  in  the  form  of  di-calcium  or  "reverted"  phos- 
phate, 95  per  cent,  of  which  is  available.  Experiments  indi- 
cate this  material  to  be  fully  as  effective  as  superphosphate 
and  more  so  than  basic-slag  phosphate. 


CHAPTER  XVI 
POTASSIUM-CONTAINING  MATERIALS 

The  various  materials  we  shall  consider  as  the  more  com- 
mon sources  of  agricultural  potassium  are  the  following: 
(i)  Potassium  chloride,  (2)  potassium  sulphate,  (3)  potas- 
sium and  magnesium  sulphate,  (4)  kainite,  (5)  camallite, 
(6)  sylvinite,  (7)  potassium  nitrate,  (8)  wood-ashes,  (9) 
cottonseed-hull  ashes,  (10)  tobacco  waste,  (11)  rock- 
potash,  (12)  by-products  of  sugar-mills. 

Wood-ashes  constituted  the  first  important  source  of 
potassium  compounds  used  in  agriculture,  but  the  chief 
source  of  supply  for  the  past  30  years  or  more  has  been  the 
output  of  products  from  the  Stassfurt  mines  in  northern 
Germany.  Before  taking  up  the  individual  materials,  we 
will  briefly  consider  some  facts  of  general  interest  relating  to 
these  German  potash  mines. 

Products  of  German  potash  mines. — After  having  been 
used  for  the  purpose  of  mining  rock  salt,  the  mines  were 
abandoned  about  1839.  Later  a  further  exploration  of  the 
beds  by  means  of  borings  revealed  large  quantities  of  potas- 
sium compounds,  especially  chloride  (muriate),  and,  about 
the  year  1861,  operations  were  begun  to  work  the  deposits 
for  the  commercial  production  of  potassium  compounds. 
As  they  exist  in  the  deposits,  the  potassium  compounds  are 
more  or  less  impure,  being  mixed  with  compounds  contain- 
ing calcium,  sodium,  magnesium,  etc.  The  materials  are  first 
blasted  out,  and  then  removed  from  the  mines,  after  which 
they  are  ground,  dissolved  in  water  and  allowed  to  crystallize 
for  the  purpose  of  purification  and  concentration.  By  this 
process  the  impurities  are  more  or  less  removed,  depending 
on  the  degree  of  concentration  and  purity  desired  in  the 
finished  products,  of  which  there  are  several  grades.  These 
are,  therefore,  more  or  less  manufactured  rather  than 
natural  products  and  include  chiefly  the  chloride  and  sul- 
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phate,  while  some  of  the  materials  used  for  fertilizers  are 
the  crude  products  just  as  they  are  taken  from  the  deposit, 
without  having  undergone  any  treatment  for  concentration 
or  purification. 

In  general,  the  German  potassium  products,  as  they  appear 
in  the  market,  are  gritty  powders,  varying  in  fineness  and 
also  in  color,  being  white,  dirty-white,  gray  or  pink.  They 
dissolve  readily  in  water.  Most  of  them  have  more  or  less 
of  a  tendency  to  absorb  water  and  so  become  moist  when 
exposed  in  damp  places.  They  should  therefore  be  stored 
only  in  dry  places  if  kept  for  any  length  of  time.  While 
these  potassium  materials  are  used  to  a  considerable  extent 
in  the  United  States  in  chemical  industries  for  the  manu- 
facture of  other  potassium  compounds,  much  the  larger  pro- 
portion is  used  for  fertilizers.  The  Stassfurt  mines  are 
practically  inexhaustible,  estimates  of  their  length  of  endur- 
ance varying  from  200,000  to  600,000  years. 

The  annual  output  of  the  German  potash  mines  is  now 
between  six  and  seven  million  tons,  of  wWch  the  United 
States  takes  over  one  million  tons.  Under  the  existing  con- 
ditions of  Germany's  monopoly  of  the  world's  potash  supply, 
the  number  of  mines  in  the  Stassfurt  field  and  the  total  out- 
put have  increased  rapidly.  In  1900  there  were  12  mines 
and  in  1909  there  were  52 ;  in  1910  there  were  72,  and  the 
number  is  still  increasing. 

Potassium  chloride  (KCl,  p.  51),  is  commercially 
known  as  muriate  of  potash;  it  is  a  prepared  product  derived 
from  the  crude  materials  of  the  German  potash  mines,  puri- 
fied by  special  treatment.  It  is  found  in  the  market  in  four 
different  grades  of  purity,  as  follows : 

Table  25 — Grades  of  Potassium  Chloride  in  Market 


Grade 

Per  cent,  of  pure 
chloride  (KCl) 

Eoual  to  per  cent,  of 
potassium  (K) 

Equal  to  per  cent,  of 
potash  (K2OJ 

1 
2 

S 
4 

70-75 
80-85 
90-95 
98 

36.5—39.3 
42.0—44.5 
47.0—50.0 
51.5 

44.0-47.0 
50.5—53.5 
57.0-«M) 
62.0 
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Most  of  the  chloride  (muriate)  found  in  the  fertilizer 
market  contains  about  80  per  cent,  of  pure  potassium 
chloride  and  is  usually  guaranteed  to  contain  the  equivalent 
of  50  per  cent,  of  potash  (K2O),  which  is  about  equal  to 
41.5  per  cent,  of  potassium.  The  chief  impurity  in  the  com- 
mercial muriate  is  common  salt,  which  ma^  vary  from  7  to 
20  per  cent.,  but  there  are  also  small  amounts  of  calcium 
and  magnesium  compounds.  The  United  States  imports 
annually  about  200,000  tons  of  this  product.  For 
information  regarding  the  use  of  potassium  chloride  as  a 
plant-food  see  Parts  III  and  IV. 

Potassium  sulphate  (K2SO4,  p.  51)  is  commercially 
known  as  sulphate  of  potash.  It  is  another  of  the  Stassfurt 
manufactured  products.  It  comes  into  the  market  usually 
in  two  grades,  containing  90  and  96  per  cent,  of  pure  potas- 
sium sulphate,  which  is  about  equal  to  40.5  to  43  per  cent,  of 
potassium,  or  48.5  to  52  per  cent,  of  potash  (K2O).  The 
usual  form  in  commerce  is  that  containing  about  48  per  cent, 
of  potash  (K2O).  The  sulphate  is  used  in  much  smaller 
amounts  than  the  muriate,  less  than  50,000  tons  a  year  com- 
ing to  this  country.  The  impurities  in  commercial  potassium 
sulphate  are  small  amounts  of  sulphates  and  chlorides  of 
calcium,  magnesium  and  sodium. 

Potassium  and  magnesium  sulphate,  or  double  potash- 
manure  salts,  is  a  product  prepared  in  the  manufacture  of 
the  high-grade  sulphate,  usually  containing  about  40  per  cent, 
of  potassium  sulphate,  which  is  equal  to  about  18  per  cent, 
of  potassium,  or  22  per  cent,  of  potash;  when  thoroughly 
dried,  it  contains  about  48  per  cent,  of  sulphate,  about  equal 
to  21.5  per  cent,  of  potassium  or  26  per  cent,  of  potash. 
It  contains  30  per  cent,  or  more  of  magnesium  sulphate. 
It  is  used  for  tobacco  and  fruits. 

Potash  memure  salts  is  a  term  applied  to  low-grade 
potassium  chloride  (muriate),  containing  about  16.5,  25  and 
33  per  cent,  of  potassium  (equal  to  20,  30  and  40  per  cent, 
of  potash).  In  addition  to  chloride,  these  materials  contain 
large  amounts  of  common  salt,  considerable  amounts  of 
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sulphate  and  chloride  of  magnesium,  with  small  amounts 
of  other  compounds. 

Potassium^magnesium  carbonate  is  a  manufactured 
product  that  has  been  lately  offered  for  use  in  fertilizing 
tobacco  and  certain  fruit  crops.  The  material,  being  in 
dry,  finely  powflered  condition,  is  ready  for  application 
at  any  time.  It  contains  35  to  40  per  cent,  of  potassium 
carbonate  (KjCO«,  p.  51),  which  is  equal  to  about  20 
to  22.5  per  cent,  of  potassium,  or  24  to  2y  per  cent,  of 
potash.  It  contains  about  the  same  amount  of  magne- 
sium carbonate. 

Potassium  carbonate  is  now  placed  on  the  market  in 
high-grade  forms,  93  to  98  per  cent,  pure,  containing  52.6 
to  55.5  per  cent,  of  potassium,  equal  to  63.2  to  66.6  per 
cent,  of  potash.     It  is  used  in  the  growing  of  tobacco. 

Kainite.  According  to  the  most  recent,  authoritative 
description  by  the  Potash  Syndicate,  the  ordinary  com- 
mercial term  "kainite"  is  no  longer  used  to  denote  one 
single  mineral  of  definite  composition,  but  to  embrace  a 
group  of  materials,  including  kainite,  "hardsalt"  (**hart- 
salz")  and  sylvinite,  Ilardsalt  and  sylvinite  are  no  longer 
sold  separately  as  such. 

These  materials,  as  taken  from  the  mines,  are  much 
alike  in  appearance;  they  are  crystalline  and  vary  in  color 
from  white  to  yellow  and  red.  In  powdered  form  they 
are  usually  dirty-white  or  grayish,  containing  small  frag- 
ments that  are  red,  black  or  yellow. 

The  chemical  composition  of  these  materials  varies  con- 
siderably, and  the  mixture  of  commercial  kainite,  of  which 
they  form  constituent  parts,  must  necessarily  vary  more  or 
less  in  composition,  depending  upon  the  composition  and 
proportions  of  the  individual  constituents.  The  mixture 
that  comes  into  market  under  the  name  of  kainite  is  guar- 
anteed to  contain  at  least  12.4  per  cent,  of  potash,  equal 
to  10.3  per  cent,  of  potassium,  no  guarantee  being  given 
as  to  whether  the  potassium  is  in  the  form  of  sulphate  or 
chloride. 
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The  pure  substance  known  as  kainite  consists  of  potas- 
sium chloride,  magnesium  sulphate,  and  a  small  amount  of 
water  of  crystallization  (KQ.  MgS04.  3  H»0).  The  po- 
tassium was  formerly  believed  to  be  in  the  form  of  sul- 
phate, and  the  magnesium  in  the  form  of  chloride,  but 
the  reverse  is  now  known  to  be  true,  though  the  matter 
is  immaterial  as  far  as  practical  applications  are  concerned. 

The  mined  material  known  as  hardsalt  consists  largely 
of  potassium  and  sodium  chlorides,  and  of  magnesium  sul- 
phate, the  potassium  averaging  about  13.3  per  cent.,  equal 
to  16  per  cent,  of  potash. 

The  material  taken  from  the  sylvinite  beds  is  largely 
made  up  of  potassium  chloride  and  sodium  chloride.  Some 
strata  of  sylvinite  contain  25  to  30  per  cent,  or  more  of 
potassium  chloride  (equal  to  13.2  to  15.9  per  cent,  of 
potassium,  or  15.8  to  18.9  per  cent,  of  potash)  ;  others 
contain  20  to  22  per  cent,  of  potassium  chloride  (equal  to 
10.6  to  11.7  per  cent,  of  potassium,  or  12.6  to  13.9  per 
cent,  of  potash). 

Camallite,  in  pure  form,  is  a  chloride  of  potassium  and 
magnesium,  but,  as  it  comes  from  the  mines,  it  is  in  a  crude, 
impure  form,  being  mixed  with  common  salt,  magnesium 
sulphate,  etc.  This  crude  camallite  is  the  largest  part  of  the 
material  taken  from  the  potash  mines  and  it  is  the  chief 
source  of  the  manufactured  products.  In  the  condition  in 
which  it  is  taken  from  the  deposits,  it  appears  white,  red, 
gray  or  yellow.  The  crude  carnallite  contains  about  13.5  per 
cent,  of  potassium  chloride  (equal  to  about  8  per  cent,  of 
potassium  or  9.5  per  cent,  of  potash.)  Carnallite  absorbs 
moisture  rapidly  and  is,  therefore,  much  more  difficult  to 
handle  than  kainite.  On  account  of  its  low  percentage  of 
potassium,  its  cost  of  transportation  makes  the  potas- 
sium more  expensive. 

Other  crude  salts. — The  following  materials,  not  of 
much  commercial  importance,  are  also  mined  at  Stassfurt: 
(i)  Polyhalite,  a  mixture  of  sulphates  of  potassium,  mag- 
nesium and  calcium,  containing  12.5%  to  13.25%  potassium 
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(equal  to  15  to  i6  per  cent  of  potash).  (2)  KrugUe,  simi- 
lar to  polyhalite,  but  containing  much  more  gypsum  and 
only  about  8.5  per  cent  of  potassium  (equal  to  10  per  cent 
of  potash).  (3)  Kieserikf  consisting  mostly  of  magnesium 
sulphate.  (4)  Bergkieserite,  a  mixture  of  carnallite  and 
kieserite,  containing,  along  with  much  common  salt,  sulphate 
and  chloride  of  magnesium,  about  12  per  cent  of  potassium 
chloride  (equal  to  about  6.25  per  cent  of  potassium  or  7.5 
of  potash).  (5)  Schoenite,  consisting  mostly  of  sulphates 
of  potassium  and  magnesium  and  containing  about  22.5  per 
cent  of  potassium  (equal  to  27  per  cent  of  potash).  This 
has  little  or  no  commercial  importance  on  account  of  the 
small  supply. 

Potassium  nitrate. — See  page  52. 

Wood-ashes  at  one  time  constituted  the  chief  source 
of  supply  of  potassium  in  commerce  and  agriculture.  Not 
only  is  the  available  supply  small  now  but  the  percentage 
of  potassium  present  averages  less  than  formerly.  So-called 
Canada,  hard-wood,  unleached  ashes,  supposed  to  represent 
the  best  quality,  formerly  contained  over  4  per  cent  of  potas- 
sium (equal  to  5  per  cent,  of  potash) ;  the  percentage  is  now 
more  often  under  3.5  per  cent,  of  potassium  (or  4  per  cent 
of  potash)  and  may  drop  to  one-half  this  amount  It  is 
obvious  that  wood-ashes  should  be  purchased  only  under  a 
definite  guaranteed  percentage  of  potassium.  In  wood-ashes 
the  potassium  is  mostly  in  the  form  of  carbonate  (K2CO3, 
p.  51).  When  of  good  quality,  wood-ashes  contain  4  to  6 
per  cent  of  potassium  (or  5  to  7  per  cent  of  potash)  and  0.6 
to  0.9  per  cent,  of  phosphorus  (or  1.5  to  2  per  cent,  of  phos- 
phoric acid).  Owing  to  the  high  price  of  wood-ashes,  there 
has  been  considerable  temptation  to  adulterate  them,  making 
a  mixture  of  potassium  chloride  and  some  form  of  lime  (cal- 
cium hydroxide  or  carbonate)  and  leached  ashes,  and  some- 
times other  products  of  a  worthless  character.  Leached 
wood-ashes  contain  about  0.8  per  cent,  of  potassium  ( i  per 
cent,  of  potash)  and  0.50  to  0.65  per  cent,  of  phosphorus 
( I  to  1.5  per  cent  of  phosphoric  acid),  with  25  to  30  per 
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cent  of  calcium  (lime)  compounds.  In  genuine  wood-ashe?i 
the  calcium  compounds  may  vary  all  the  way  from  20  to  50 
per  cent,  but  usually  rim  between  30  and  35.  In  freshly 
burned  ashes,  calcium  oxide  (quicklime)  is  the  chief 
calcium  compound,  but,  in  the  case  of  ordinary  wood- 
ashes,  this  is  apt  to  be  changed  largely  into  carbonate 
by  the  time  it  is  applied  to  soils. 

Wood-ashes,  even  when  pure  and  unleached,  vary  greatly 
in  composition,  according  to  the  kind  of  wood,  part  of  tree, 
age,  method  of  burning,  and  care  with  which  they  are  stored. 
Hard  wood  usually  produces  ashes  containing  more  potas- 
sium than  those  from  soft  wood.  When  ashes  have  been 
exposed  to  the  weather  or  leached,  they  contain  much  less 
potassium.  Wood-ashes  from  lime-kilns  and  brick-kilns 
are  often  mixed  with  valueless  refuse  to  such  an  extent  as 
to  possess  little  value  as  plant-food,  though  lime-kiln  ashes 
usually  contain  larger  amounts  of  calcium  compounds  than 
ordinary  wood-ashes.  Ashes  from  spent  tan-bark  of  tan- 
neries are  low  in  plant-food  value.  The  amoimt  of  potas- 
sium or  phosphorus  in  coal-ashes  is  insignificant.  For  dis- 
cussion of  ashes  in  relation  to  their  use  as  a  fertilizer,  see 
page  441. 

Cottonseed-hull  ashes  are  not  now  obtainable  in  appre- 
ciable amounts.  They  were  formerly  produced  at  cottonseed- 
oil  factories  in  the  South,  when  the  hulls,  after  removal 
from  the  seed,  were  used  as  fuel.  Such  ashes  are  very 
variable  in  composition,  containing  from  12.5  to  25  per 
cent  of  potassium  (15  to  30  per  cent  of  potash)  and  3  to 
4.5  per  cent,  of  phosphorus  (7  to  10  per  cent,  of  phosphoric 
acid).  At  the  present  time  the  hulls  are,  for  the  most  part, 
ground  and  sold  for  cattle-feed. 

Tobacco-waste  consists  of  tobacco  stems,  stalks  and 
waste  materials  coming  from  the  manufacture  of  commer- 
cial tobacco  products,  all  of  which  were  at  one  time  thrG\vn 
away.  These  materials  contain  considerable  potassium  as 
well  as  nitrogen.    Sometimes  they  are  burned  and  the  ashes 
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used  for  fertilizer ;  such  ashes  are  very  rich  in  potassium,  but 
the  nitrogen  is  lost  by  burning.  Tobacco-waste  ground  fine 
makes  a  desirable  source  of  potassium  and  nitrogen,  where 
immediate  availability  is  not  required.  It  is  also  useful  in 
adding  to  mixed  fertilizers  on  account  of  the  beneficial  effect 
on  the  mechanical  condition  of  the  mixture. 

Tobacco  waste  appears  in  three  forms,  stalks,  stems 
and  dust.  Stalks  include  the  portions  of  the  plant  above 
ground  except  the  leaves ;  they  consist  of  the  main  stalk 
and  branches  to  which  the  leaves  are  attached.  Stems 
include  the  leaf-stalk  and  ribs  that  make  up  the  skeleton 
of  the  leaf,  together  with  such  other  portions  of  the  leaves 
as  are  rendered  useless  in  the  course  of  handling  during 
the  operation  of  making  the  tobacco  into  marketable 
forms.  Tobaccco  dust  includes  fine  particles  that  result 
from  handling  the  leaves,  mixed  with  more  or  less  dirt. 
These  materials  give  best  results  as  plant-food  when 
ground  fine. 

Tobacco-waste  products  vary  much  in  composition. 
The  nitrogen  in  stems  varies  from  2  to  3  per  cent.;  in 
stalks,  from  3  to  4  per  cent. ;  and  in  dust,  from  about  2 
to  2.5  per  cent.  From  one-third  to  one-half  of  the  nitro- 
gen in  tobacco  is  present  in  the  form  of  nitrate. 

Phosphoric  acid  is  present  in  small  amounts,  usually 
running  between  0.5  and  i  per  cent.  (0.22  and  0.44  P). 

Potash  is  contained  in  tobacco  stems  in  amounts  rang- 
ing from  5  to  10  per  cent,  (about  4  to  8  K),  the  usual 
variations  lying  between  6  and  9  per  cent.;  while,  in 
stalks,  the  percentage  is  smaller,  usually  between  4  and 
5  per  cent,  (about  3  to  4  K). 

Tobacco  products  possess,  in  addition,  insecticidal 
value,  w"hich- makes  them  especially  useful  in  the  grow- 
ing of  small  fruits  and  greenhouse  crops. 

Sugar-factory  wastes. — The  unmarketable  molasses 
produced  in  the  process  of  sugar-making  contains  potas- 
sium compoimds  in  considerable  amount  For  example,  ashes. 
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from  beet  molas^s  may  cc»itain  as  much  as  38  per  cent 
of  potassium  (45  per  cent,  potash),  most  of  which  is  in  the 
form  of  carbonate,  with  small  amounts  of  chloride  anH  sul- 
phate. Low-grade  molasses  is  sometimes  mixed  with  other 
materials  and  applied  directly  to  soils,  but  this  practice 
should  be  accompanied  with  the  application  of  generous 
amounts  of  calcium  carbonate  on  account  of  the  produc- 
tion of  acids  resulting  from  the  fermentation  of  the  sugar. 


Ground  feldspar  (middle)  produces  no  appreciable  effect  on  yield 
in  comparison  with  potassium  sulphate  (right).  Rhodb  Island 
Station. 

Potassium  compounds  in  rocks. — At  various  tiTnes 
there  has  been  considerable  discussion  as  to  the  possibility 
of  utilizing  for  agricultural  purposes  the  potassium  com- 
pounds known  to  be  present  in  certain  rocks,  notably  tiiose 
consisting  of  the  mineral  feldspar.  With  some  crops,  under 
certain  conditions,  feldspar  ground  very  fine  has  appeared 
to  be  used  by  plants,  while  it  is  wcthless  under  other  con- 
ditions.   The  question  of  its  use  must  be  regarded  at  present 
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as  wholly  in  the  experimental  stage.  It  is  extremely  unlikely 
that  ground  potash-rock  can  ever  take  the  place  of  readily 
soluble  potassium  compotmds.  It  is  quite  probable  that 
some  economical  commercial  method  will  be  devised  for 
converting  the  insoluble  potassium  feldspar  into  a  soluble 
form.  In  1910,  for  example,  a  patent  was  granted  for 
such  a  process,  in  accordance  with  which  the  potassium- 
containing  rock  is  crushed,  heated  to  high  temperature, 
suddenly  cooled  in  water  and  then  ground  fine.  It  is 
claimed  that  the  process  makes  the  potassium  available 
to  plants.  More  recently  several  new  and  promising 
processes  have  been  developed.  In  view  of  the  recent 
friction  between  the  fertilizer  manufacturers  in  this 
country  and  the  German  potash  syndicate,  which  has  an 
absolute  monopoly  of  the  world's  present  potash  supply, 
some  additional  source  of  potassium  is  desirable. 

In  this  connection,  it  may  be  stated  that  valuable  potash 
deposits  have  been  discovered  in  Austria  and  are  to  be  rap- 
idly developed.  It  is  believed  that  valuable  deposits  exist 
in  the  United  States,  and  our  government  has  recently  made 
an  appropriation  to  prospect  for  such. 

A  most  promising  source  of  potassium  supply  is  the 
inexhaustible  growth  of  giant  kelps,  which  form  immense 
ocean  meadows  on  the  Pacific  coast  of  North  America. 
These  seaweeds  concentrate  the  dilute  potassium  com- 
pounds of  the  ocean  to  such  an  extent  that  one  ton  of 
dried  kelp  may  contain  265  to  370  pounds  of  potassium 
(K)  (equal  to  315  to  440  pounds  of  potash  (K2O),  or 
500  to  700  pounds  of  potassium  chloride).  It  is  esti- 
mated that  100  square  miles  of  kelp  fields  would  furnish 
annually  about  520,000  tons  of  potassium  (equal  to  about 
625,000  tons  of  potash  or  1,000,000  tons  of  potassium 
chloride),  worth  not  less  than  $35,000,000,  or  more  than 
twice  the  amount  we  now  pay  Germany  for  potash  felts. 
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CHAPTER  XVII 
FARM  MANURE:  COMPOSITION  AND  CHANGES 

Farm  manure  consists  of  a  mixture  of  three  general 
classes  of  constituents:  (i)  The  dung  or  feces  of  domes- 
tic animals,  (2)  their  urine,  and  (3)  materials  used  for 
bedding  and  often,  in  addition,  miscellaneous  waste 
products  of  the  farm. 

Farm  manure  is  known  under  a  variety  of  names,  such 
as  manure,  mixed  manure,  barn  manure,  stable  manure, 
farmyard  or  barnyard  manure,  etc.  Usage  of  terms  is 
not  at  all  uniform ;  for  example,  some  use  the  term  barn- 
yard manure,  to  mean  cattle  manure,  while  stable  manure 
is  applied  to  the  manure  of  horses.  The  word  manure 
is  sometimes  used  of  excrements  alone  and  sometimes 
of  the  mixed  excrements  and  bedding  material.  Mixed 
manure  is  generally  applied  to  a  mixture  of  manures  of 
different  animals  with  addition  of  bedding.  The  manure 
from  any  particular  class  of  animals  is  designated  by 
the  name  of  the  animal,  as  horse  manure,  sheep  manure, 
etc.  We  shall  use  the  general  terms,  farm  manure, 
manure,  mixed  manure,  barn  manure,  etc.,  with  a  single 
meaning,  namely,  the  mixed  excrements,  solid  and  liquid, 
of  farm  animals  in  general,  containing  material  added 
for  bedding.  We  shall  use  the  term  excrements,  as  ap- 
plying to  the  feces  and  urine  not  mixed  with  other  ma- 
terials. The  manurial  products  from  individual  classes  of 
animals  will  be  indicated  by  the  name  characteristic  of 
the  animal  producing  the  excrements. 

In  connection  with  the  use  of  farm  manure  as  a  source 
of  fertilizer  materials,  we  are  interested  in  the  follow- 
ing points : 

I.  Composition  of  mixed  farm  manure. 
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2.  Conditions  affecting  composition. 

3.  Care  of  farm  manure. 

4.  Fertilizing  value. 

5.  Methods  of  use. 

The  present  chapter  will  be  devoted  to  the  composi- 
tion and  changes  of  farm  manure,  while  the  next  chapter 
will  consider  the  care,  value  and  use. 

PLANT-FOOD  COMPOSITION  OF  MIXED  FARM 

MANURE 


We  shall  appreciate  later  how  difficult  it  is  to  give  a 
representative  statement  of  the  composition  of  a  material 
which  must  of  necessity  vary  greatly.  In  discussing 
farm  manures,  we  are  dealing  with  a  mixture  of  animal 
excrements  with  other  materials  used  as  bedding,  usually 
straw.  The  mixture  may  contain  the  excrements  of  one 
kind  of  animal  or  of  several  kinds.  The  bedding  may  be 
of  several  different  materials.  It  seems  desirable  at  the 
beginning  of  our  discussion  to  start  with  some  idea  of 
the  composition  of  mixed  farm  manure,  including  the 
approximately  extreme  limits  of  variation  and  what  we 
may  regard  as  a  fair  average.  We  shall  limit  our  study  of 
the  composition  of  farm  manure  mainly  to  the  nitrogen, 
phosphorus  and  potassium  compounds. 

Table  2&— Percentage  of  Plant-Food  Constitubnts  in 

Mixed  Farm  Manure 
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It  will  generally  be  convenient  to  remember  that  one 
^on  of  averagre  mixed  stable  manm-e  contains  approxi- 
mately 

10  pounds  of  nitrogen, 

5  pounds  of  phosphoric  acid  (2.a  lbs.  phosphorus), 
lo  pounds  of  potash  (8.3  lbs.  potassium). 

CONDITIONS  AFFECTING  COMPOSITION  OF 

FARM  MANURE 

Variation  in  the  plant-food  composition  of  farm 
manure  is  produced  by  numerous  causes,  chief  among 
which  are  the  following:  (i)  Composition  of  fresh 
excrements,  (2)  kind  and  amount  of  bedding  material 
in  manure,  (3)  losses  of  plant-food  constituents. 

Variation  in  composition  of  fresh  excrements  of  ani- 
mals.—A  study  of  the  plant-food  composition  of  the 
fresh  excrements  of  different  kinds  of  farm  animals  is 
desirable  because  this  is  the  first  factor  in  determining 
the  plant-food  value  of  farm  manures.  The  composition 
of  the  excrements  of  farm  animals  varies  greatly  accord- 
ing to  several  conditions,  among  which  the  following  are 
of  special  importance:  (i)  The  liquid  and  solid  portions, 
(2)  the  kind  of  animals,  and  (3)  the  composition  of  the  food 
consumed. 

Composition  of  solid  and  liquid  excrements  of  differ- 
ent farm  animals.— While  the  excrements  of  animals  of 
the  same  kind  vary  greatly,  and  even  of  the  same  animal 
at  different  times,  it  is  desirable  that  we  have  an  appiox- 
imate  idea  of  their  general  plant-food  composition.  The 
following  tabulated  data,  taken  from  the  most  reliable 
sources  available,  will  serve  to  show  the  approximate 
amounts  of  nitrogen,  phosphoric  acid  and  potash  in  the 
fresh  excrements  of  farm  animals.  We  state  in  round 
numbers  (l)  the  usual  limits  of  variation  of  each  con- 
stituent in  the  solid  and  liquid  portions  respectively  and 
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(2)  what  may  be  regarded  as  the  approximate  average 
composition  of  solid  and  liquid  portions,  (a)  separate  and 
(b)  mixed.  In  the  case  of  water  in  fresh  excrements,  we 
give  only  the  approximate  average.  In  one  column  we 
state  the  approximate  average  percentage  of  the  total 
excrements  which  the  liquid  and  solid  excrements  re- 
spectively form. 

Table  27 — Percentage  op  Plant-Food  Constituents  in 

Fresh  Animal  Excrements 


Kindol 

Water 

NUvQfM 

•old 

P^ 

BofM 

Portion 

Solid 

Liquid 

Mixed 

Percent 

80 

20 

Ptf  cent 

75 
90 
78 

Pereent. 

05S(a5o-a6a 

1^(1^0-1^ 

0.70 

Peroeot, 

040(045-049 

trace 
04S(ailF) 

Piroiiit. 
040(040-050 

145(1.00-149 
04S(O45K) 

Cow 

Solid 

Liquid 

Muced 

70 
30 

85 
92 
86 

0.40(030-0.4^ 
L00(OJO-li0) 
0.60 

040(015-049 

trace 
O15(O07P) 

0.10(005-015) 
145  140-1.40) 
045(04710 

«g 

Solid 

Liquid 

Mued 

60 

40 

80 

97 
87 

045(0.50-0.60) 
0.40(040-0.50) 
040 

040(0.45-060) 
0.10(007-0.15) 
04S(O15P) 

0.40(035-0.50 
0.45(040-0.70) 
0.4C<O33E) 

Sheep 

Solid 

Liquid 

Mixed 

67 

33 

60 
85 
68 

0.75(0.70-080) 
L35  (140-1.40) 
0.95 

040(0.45-060) 
OQS  O02-O.06) 
04S(O15P) 

045(040-0.60 

3.10(2.00-2.29 
L00(O83K) 

Hen 

Mind 

— 

55 

1.00(a55-lw4O 

080(035-1.00!) 

O40CO25-04(r 

P.piia^pbonie.    K,  potaaiiiim. 

Attention  is  called  to  the  following  points,  which  are 
brought  out  by  a  study  of  the  data  embodied  in  the  pre- 
ceding table : 

(t)  Distribution  of  excrements  between  solid  and  liquid 
portions. — ^The  relative  amounts  of  solid  and  liquid  portions 
in  fresh  excrements  vary  greatly  in  the  different  classes 
of  animals.  In  the  case  of  horses,  the  solid  portion  is 
about  four  times  as  much  as  the  liquid;  in  the  case  of 
pigs,  the  solid  is  only  one  and  one-half  times  as  great  as 
the  liquid  portion.  These  amounts  are,  of  course,  only 
approximate  averages ;  the  proportions  of  solid  and  liquid 
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excrements  vary  widely  with  the  same  animal  under  dif- 
ferent conditions. 

(2)  Percentage  of  water. — There  is  a  marked  difference 
in  the  average  amount  of  water  in  the  excrements  of 
different  kinds  of  farm  animals.  In  the  solid  portion,  the 
excrement  of  sheep  contains  least  moisture  (60  per 
cent.) ;  that  of  cows,  most  (85  per  cent.)'.  In  the  liquid 
portion,  the  amount  of  water  is  least  (85  per  cent.)  in  the 
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case  of  sheep  and  greatest  (97  per  cent.)  in  the  case  of 
pigs.  In  the  case  of  poultry,  there  is,  of  course,  no  sepa- 
ration of  solid  and  liquid  excrements,  but  the  amount  of 
moisture  in  the  combined  excrement  is  much  less  than 
even  in  the  solid  portion  of  the  excrement  of  the  other 
animals  under  consideration. 

(3)  Comparison  of  composition  of  solid  and  liquid  por- 
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Hons. — In  comparing  th^  composition  of  the  solid  and  liquid 
portions  of  animal  excrements,  we  notice  the  following 
differences:  (a)  In  respect  to  nitrogen,  the  liquid  portion 
is  much  richer  except  in  case  of  pigs;  (b)  in  respect  to 
phosphoric  acid,  the  solid  portion  contains  practically 
all.  and  the  liquid  portion  only  very  small  amounts; 
(c)  in  respect  to  potash,  the  liquid  portion  is  much  richer 
except  in  case  of  pigs.  The  richness  of  the  liquid  excre- 
ment in  plant-food  constituents  is  made  more  striking  if 
we  compare  them  in  respect  to  their  composition  in  the 
water-free  or  dried  condition,  as  illustrated  in  the  follow- 
ing table,  in  which  only  general  average  results  are 
given: 

Table  28 — G)Mposition  op  Dried  or  Water*Pree 

Excrements 


Kind  of 
Animal 

Portion  of 
Excrement 

NitrogHl 

Pbaephocle  add 

Potadi 

HocM 

Solid 
Liquid 

Per  ccflt» 

2.20 
13.50 

Per  cent. 

1.20  (asap) 

Percent. 

I.<J0  M.33K) 
12.50  (10.40K) 

Cow.., 

SoUd 
Uquid 

2.65 
12.50 

'  1.35(0.60P) 

0.65  (0.5410 
17.00  14.10K) 

Pig 

Solid 
Liquid 

2.75 
13.00 

2.S0  (I.IOP) 
4.00  (1.75P) 

2.00  (1.65K) 

15.00  (12.45K) 

OuMp.  •••••• 

Solid 
Uquid 

1.90 
9.00 

1.25  (0.55P) 

OM  (ai5P> 

1.1s  (0.95K) 
liiM  ai.60K) 

P.  phovphorue.    K.  potassium 

Amounts  of  excrements  produced  by  farm  animals. — 

In  order  to  make  our  discussion  more  complete,  it  is  es- 
sential that  we  should  not  only  consider  the  plant-food 
composition  of  the  excrements  of  farm  animals  but  that 
we  should  also  know  the  total  amounts  and  value  of 
plant-food  constituents  annually  produced  by  farm  ani- 
mals ;  and  we  will  now  take  up  this  extension  of  out  sub- 
ject. The  amounts  of  fresh  excrements  produced  by 
farm  animals  are  subject  to  wide  variations,  beingf  gov- 
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erned  by  the  kind  of  animal,  age,  amount  of  food,  activity, 
etc.  It  will,  however,  be  of  some  service  to  give  approxi- 
mate averages  which  can  be  used  as  a  comparative  basis 
of  reference  in  estimating  amounts  of  manure  that  can 
be  reasonably  expected  from  animals.  The  relative 
amounts  of  dung  and  urine  vary  with  many  conditions, 
and  the  proportions  given  below  can  be  regarded  as  only 
rough  approximations  under  average  conditions.  In 
order  to  be  fairly  specific  and  comparable,  the  results  are 
stated  on  the  basis  of  looo  pounds  of  animal  live  weight 
during  a  period  of  one  year. 

Table  29 — ^Amounts  of  Excrements  Produced  for  iooo 
Pounds  of  Live  Weight  by  Farm  Animals  in  One 
Year, 


Kind  of 

animal 

Total 

Solid 

Liquid 

Percentage  of 

excrements 

in  solid 

Percentage  of 
inUquid 

Horse 

Cow 

Pig   

Sheep 

Hen 

Pounds 
18.000 
27,000 
30.500 
12.500 
8.500 

Pounds 

14.400 

19,000 

18.300 

8,300 

Pounds 
3,600 
8.000 

12.200 
4.200 

80 
70 
60 

67 

20 
30 
40 
33 

Amounts  and  value  of  plant-food  constituents  pro* 
duced  in  excrements. — From  the  data  contained  in  the 
table  preceding  and  from  the  average  percentages  of 
plant-food  constituents  in  fresh  excrements,  as  given  in 
the  table  on  page  ^i,  we  are  able  to  obtain  the  results 
contained  in  the  table  following,  which  shows  the  num- 
ber of  pounds  of  nitrogen,  phosphorus  and  potassium 
produced  on  an  average  in  the  fresh  excrements  of  dif- 
ferent farm  animals  for  one  year,  based  on  1,000  pounds 
of  live  weight.  The  values  in  the  last  column  are  based 
on  the  following  schedule  of  prices  per  pound :  Nitrogen 
in  liquid,  16  cents;  in  solid,  12  cents;  phosphoric  acid  in 
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liquid,  5  cents,  in  solid,  4  cents;  potash  in  liquid,  5  cents, 
in  solid,  4  cents  (p.  445) 

Table  30 — Plant-Food  Constituents  Produced  An- 
nually IN  Excrements  by  Farm  Animals  per 
1,000  Pounds  of  Live  Weight. 


Kind  of 
animal 


Nitrogen 


Solid 


Horse 
Cow 

Pig 

Sheep 
Hen 


Pounds 
79 
76 
101 
62 
85 


Liquid 


Phosphoric  acid 


Solid 


Pounds 
49 
80 
49 
57 


Pounds 
43  (19P) 
38n7P) 

92<40P5 
42  (18.5P) 
68  OOP) 


Liquid 


Pounds 


12  (5.3P) 
2  (0.9P) 


Potash 


SoUd 


Pounds 
58  (48K) 
19  (16r 
73  (61] 
38  (32] 
32  (27J 


Liquid 


Pounds 

45  (37] 

108  (901 

55(46] 

88(731 


Value  of 

plant- 
food  con- 
stituents 


$23.60 
29.60 
30.00 
24.25 
18.70 


P,  phosi^onis.    K.  potassium. 


The  preceding  table  can  be  made  of  additional  interest 
by  the  following  supplementary  table,  in  which  the  above 
data  are  presented  in  the  form  of  percentages;  for  ex- 
ample, we  state  what  percentage  of  the  total  nitrogen 
in  the  combined  excrements  is  contained  in  the  solid 
portion  and  what  percentage  in  the  liquid. 


Table  31 — Relative  Amounts  of  Plant-Food  Constitu- 
ents IN  Solid  and  Liquid  Excrements 


Percentage  of  total 
nitrogen 

Percentage  of  total 
phosphorus  in 

Percentage  of  total 
potassium  in 

Solid 

Liquid  • 

Solid 

Liquid 

SoUd 

Liquid 

Horse 

Cow 

Pig 

Sheep 

62 
49 
67 
52 

38 
51 
33 
48 

100 

100 

88 

95 

0 
0 

12 
5 

56 
15 
57 
30 

44 

85 
43 

70 

Average  .. . 

57 

43 

95 

5 

40 

60 

Somewhat  striking  differences  exist  in  the  case  of  dif- 
ferent classes  of  animals.    In  general,  most  of  the  phos- 
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phorus  appears  in  the  solid  excrement.  In  the  case  of 
horses  and  pigs,  the  yield  of  nitrogen  is  much  greater 
in  the  solid  excrement;  in  case  of  cows  and  sheep,  the 
yield  is  approximately  equally  distributed  between  the 
solid  and  liquid  portions.  In  the  case  of  potassium,  the 
excrements  of  horses  and  pigs  show  a  larger  amount  in 
solid  than  in  liquid,  while  the  reverse  is  true  of  the  excre- 
ments of  cows  and  sheep,  very  large  proportions  appear- 
ing in  the  urine  as  compared  with  the  dung. 

If  we  compare  the  plant-food  in  the  solid  and  liquid 
portions  of  excrements  on  the  basis  of  valuation,  using 
the  prices  given  on  page  295,  we  can  prepare  the  follow- 
ing tabulated  statement : 

Table  32 — Relative  Value  of  Plant-Food  Constitu- 
ents IN  Solid  and  Liquid  Excrements 


Percentage  of  nitrogen 
value  in 

Percentage  of  phospho- 
rus value  in 

Percentage  of  potas* 
sium  value  in 

Solid 

Liquid 

Solid 

Liquid 

Solid 

Uquid 

Horn  ■ .  •  • 

Cow 

Pig 

Sheep 

55 

42 
61 
45 

45 

58 
39 
55 

100 

100 

86 

94 

0 

0 

14 

6 

51 
12 
52 
26 

49 

88 
48 

74 

Average ... 

50 

50 

93 

7 

34 

66 

The  relative  value  of  the  liquid  excrement  is  higher 
in  this  table  than  in  the  preceding  table  because,  in  com- 
puting values,  we  give  higher  prices  to  the  constituents 
in  urine.  For  example,  taking  nitrogen,  in  Table  31, 
based  only  on  the  amounts  present,  57  per  cent,  of  all  the 
nitrogen  is  in  the. solid  excrement  and  43  in  the  liquid; 
in  Table  32,  based  on  money  value,  43  pounds  of  nitrogen 
in  urine  have  the  same  money  value  as  57  pounds  of  nitro- 
gen in  the  solid  excrement.  These  figures  indicate  that 
about  one-half  of  the  value  of  the  nitrogen  and  two- 
thirds  that  of  potassium  are  in  the  urine. 
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From  the  data  in  Table  30  one  can  readily  calculate 
the  approximate  amounts  of  plant-food  constituents  pro- 
duced annually  in  the  fresh  excrements  by  a  single  ani- 
mal of  a  given  weight.  For  illustration,  a  table  like  the 
one  following  can  be  prepared  and  easily  extended  to 
include  an  animal  of  any  special  weight.  We  repeat  the 
precaution  that  undue  dependence  must  not  be  placed 
upon  data  thus  obtained,  since  they  are  not  intended  to 
apply  accurately  in  detail  to  all  cases.  They  should  be 
regarded  only  as  serving  for  a  convenient,  rough  basis, 
to  be  used  when  other  desirable  details  are  lacking. 

Table  33 — Plant-Food  Constituents  Produced  Annu- 
ally IN  Excrements  by  Farm  Animals  of  Given 
Weight. 


Kind  of 
animals 

Weight 

Nitrogen 

Phosphoric 
acid 

Potash 

Value  of 

plant-food 

constituents 

Horse 

Pounds 
900 
1100 
1200 

Pounds 
115 
140 
154 

Pounds 
38  (17P) 
47  (2 IP) 
52  (23P) 

Pounds 
93(77K) 
113  <94K) 
124  (103K) 

$21.25 
26.00 
28.30 

Cow 

800 

900 

1100 

125 
140 
172 

30  (13P) 
34  (15P) 
42  (19P) 

102  (85K) 
114  (95K) 
140  (116K) 

23.70 
26.65 
32.55 

Pig 

100 
150 
200 

15 
23 
30 

11  (5P) 
16  (7P) 
21  (9P) 

13  (UK) 
19  (16K) 
26  (29K) 

3.00 
4.50 
6.00 

Sheep 

100 
150 

12 
18 

m 

13  (UK) 
19  (16K) 

2.40 
3.60 

Hens  (100) 

400 
500 

34 

43 

27  (12P) 
34  (15P) 

13  (IIK) 
16  (13K) 

7.45 
9.30 

P,  pho6i)horu8.    K,  potassium. 

Influence  of  food  upon  composition  of  excrements. — 
Having  studied  the  relation  of  the  liquid  and  solid  por- 
tions of  excrements  to  the  plant-food  composition  of 
fre.sh  excrements  in  the  case  of  different  kinds  of  farm 
animals,  we  come  now  to  take  up  the  relation  of  the  food 
consumed  to  the  composition  of  the  excrements.    In  the 
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case  of  farm  animals  in  general^  the  plant-food  composi- 
tion and  value  of  the  fresh  excrements  are,  as  a  rule, 
more  dependent  upon  the  composition  of  the  food  con- 
sumed than  upon  any  other  single  factor.  The  nitrogen, 
phosphorus  and  potassium  compounds  that  are  taken  in 
the  food  into  the  body  pass  from  the  body  more  or  less 
largely  in  the  form  of  excrements.  It  is  therefore  obvi- 
ous why  the  amounts  of  these  constituents  present  in 
the  excrements  depend  chiefly  upon  the  arfiounts  present 
in  the  food  consumed.  In  this  connection  we  would 
call  attention  to  a  belief  that  has  been  quite  prevalent 
among  farmers  to  the  effect  that  the  process  of  animal 
digestion  actually  adds  plant-food  and  that  excrements 
owe  to  this  their  special  value  as  fertilizers.  This  belief 
has  come  mainly  from  a  confusion  of  amounts  of  plant- 
food  with  availability.  There  can  be  in  excrements  no 
more  nitrogen,  phosphorus  or  potassium  than  is  con- 
tained in  the  food  materials  taken  into  the  body;  but 
these  constituents,  as  they  are  found  in  excrements,  are 
on  the  whole  in  more  readily  available  forms  as  plant- 
food  than  in  the  original  food  before  it  is  consumed  and 
digested. 

We  will  now  consider  (i)  the  amounts  of  plant-food 
materials  present  in  some  of  the  more  common  kinds  of 
animal  food,  (2)  the  proportions  recovered  in  ex- 
crements and  (3)  the  digestibility  of  food  in  relation  to 
plant-food  availability  in  excrements. 

Plant-food  constituents  in  animal  foods. — ^The  amounts 
of  nitrogen,  phosphorus  and  potassium  compounds  in 
excrements  primarily  depend,  as  already  stated,  upon 
the  amounts  of  these  constituents  in  the  food  eaten. 
From  the  following  table  it  can  be  seen  that  a  given 
amount  of  concentrated  foods,  such  as  cottonseed-meal, 
linseed-meal,  gluten-meal,  etc.,  must  yield  the  largest 
quantity  of  one  or  more  plant-food  constituents;  then 
follow  leguminous  plants,  such  as  alfalfa,  clover,  etc.; 
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next  come  cereals,  and  lastly  root  crops.  The  figures 
in  the  table  give  the  amounts  and  values  of  the  plant- 
food  constituents  in  the  different  foods,  or  what  would 
represent  their  general,  relative  plant-food  value  if  used 
directly  on  crops.  The  prices  used  as  a  basis  for  the 
calculation  of  the  relative  money  value  are  the  follow- 
ing: Nitrogen,  12  cents  a  pound;  phosphoric  acid  and 
potash,  4  cents  a  pound  each. 


Table  34 — ^Approximate   Plant-Food  Value  of  Some 

Common  Animal  Foods. 


Kind  of  food 

Nitrogen  in 
one  ton 

Phosphoric  acid 
in  one  ton 

Potash  in 
one  ton 

Value  of 
one  ton 

Cottonseed-meal    . 
Linseed-meal    .... 

Gluten-meal    

Wheat  bran 

Alfalfa   hay 

Red    clover    hay. . 
Oats     

Pounds 
140 
110 
100 

53 

50 

42 

40 

35 
32 
30 
25 
10 
10 

5 

6 

4 

Pounds 
60  (26P) 
36  (16P) 
7  <3P) 
58  (26P) 
11   <5P) 

10  (4.SP) 
16  (7P) 

11  (4.8P) 
14   (6P) 
13  (5.7P) 
10  (4.5P) 

3  (1.3P) 
7  (3P) 

2  (0.9P) 

3  (1.3P) 
2  (0.9P) 

Pounds 
35  (29K) 
27   (22K) 
1   (0.8K) 
32  (27K) 
45  (37K) 
40  (33K) 
12  (lOK) 

18   (15K) 
8  (6.6K) 
8  (6.6K) 

20  (16.6K) 

12   (lOK) 
4  (3.3K) 

10  (8.3K) 
7   (5.8K) 

10  (8.3K) 

$20.40 

15.70 

12.30 

10.00 

8.25 

7.05 

5.90 

Corn  fodder  (with 
ears)    

5.35 

Corn    

4.70 

Corn-meal     ...... 

Timothy   hay 

Wheat   straw 

Skim-milk   

Beets  

4.45 
4.20 
1.80 
1.65 
1.10 

Com  ensilage   . . . 
Turnips 

1.10 
0.95 

P,  phosphorus. 

K,  potassium 

. 

It  is  obvious  that  of  two  foods  costing  the  same  price 
and  having  equal  feeding  value,  it  is  economy  for  farmers 
to  use  that  one  which  contains  the  largest  amount  of 
plant-food  materials.  It  is  also  noticeable  that  in  nearly 
all  the  foods  contained  in  the  table,  nitrogen  is  present 
in  larger  amounts  than  either  phosphoric  acid  or  potas- 
sium. 

Proportion  of  fertilizing  materials  in  foods  recovered 
in  fresh  excrements. — In  the  case  of  farm  animals  in  gen- 
eral, without  special  reference   to  kind  or  age,   it  is  a 
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fair  estimate  that,  on  an  average,  about  80  per  cent,  of 
the  nitrogen,  phosphorus  and  potassium  of  the  food  con- 
sumed is  recovered  in  the  manure.  Generally  speaking, 
the  excrements  of  working  and  fattening  animals  con- 
tain from  90  to  95  per  cent,  of  the  plant-food  constit- 
uents present  in  the  food  eaten ;  in  the  case  of  cows  giv- 
ing milk  and  of  young,  growing  animals,  50  to  75  per 
cent.  When  animals  are  not  giving  milk  nor  increasing 
in  weight,  the  plant-food  constituents  in  food  and  ex- 
crement are  equal. 

Digestibility  of  food  in  relation  to  plant-food  value.— 
The  solid  portion  of  animal  excrements  consists  largely 
of  the  undigested  portions  of  food  eaten.  These  un- 
digested portions  have  not  been  acted  on  in  the  digestive 
process;  this  is  a  point  of  practical  importance,  because 
the  portions  of  food  that  are  not  dissolved  in  animal 
digestion  are  likewise  not  easily  made  soluble  in  the  soil 
by  the  ordinary  processes  of  bacterial  action.  The  plant- 
food  constituents  in  the  solid  portion  of  excrements  are 
therefore  not  quickly  available  for  supplying  crops.  In 
the  process  of  digestion,  the  portions  that  appear  in  the 
solid  excrement,  though  remaining  mostly  undissolved, 
arc  mechanically  changed  and  improved,  because  they 
are  converted  into  a  finer  state  of  division,  having  gone 
through  a  process  of  softening  and  grinding.  On  this 
account  the  plant-food  constituents  in  solid  excrements 
undergo  fermentation  in  the  soil  and  become  available 
more  quickly  than  the  same  constituents  in  the  food  be- 
fore it  is  used  by  animals.  Another  point  worthy  of  no- 
tice in  this  connection  is  that  in  passing  through  animals 
the  food  becomes  mixed  with  intestinal  bacteria,  which 
are  responsible,  in  large  measure,  for  the  processes  of 
decay  that  take  place  in  the  excrements,  and  render 
available  the  plant-food.  From  what  has  preceded,  it  is 
obvious  that  the  larger  the  amount  of  indigestible  mat- 
ter m  food,  the  larger  ib  the  amount  of  solid  excrement 


FAEM   MANUKS:  COMPOSITION  AND  CHANGES         30I 

and,  therefore,  of  slowly  available  plant-food.  Coarse, 
bulky  fodder  materials  produce  large  amounts  of  solid 
excrement;  concentrated,  ground  foods  produce  smaller 
amounts  of  solid  excrement. 

The  urine  contains  those  portions  of  plant-food  which 
have  been  digested  and  utilized  in  the  animal  body;  its 
constituents  are  all  in  soluble  form  and  are  either  directly 
available  as  plant-food  or  readily  become  so.  The  nitro- 
gen, phosphorus  and  potassium  compounds  in  the  urine 
are,  therefore,  more  valuable  as  plant-foods  than  the  in- 
soluble, slowly  available  constituents  contained  in  solid 
excrement.  It  therefore  follows  that  the  more  digestible 
a  food  is,  the  larger  is  the  proportion  of  its  plant-food 
constituents  that  will  appear  in  the  urine  and  the  greater 
will  be  the  plant-food  value  of  the  manure  produced. 
Generally  speaking,  the  richer  the  food  is  in  nitrogen, 
the  more  digestible  is  the  nitrogen  and  the  larger  the 
amounts  of  nitrogen  in  urine.  The  nitrogen  compounds 
of  the  food  are  usually  more  extensively  and  completely 
transformed  in  digestion  than  are  the  phosphorus  com- 
pounds and  appear  in  the  urine  in  larger  amounts  than  in 
the  solid  excrements. 

Relation  of  bedding  to  composition  of  farm  manure- 
Having  considered  the  various  conditions  that  influence 
the  plant-food  composition  of  the  fresh  excrements  of 
animals,  we  are  ready  to  take  up  the  first  factor  of  im- 
portance outside  of  the  e^ccrements  that  modifies  the 
composition  of  manure,  namely,  the  bedding  or  litterc 
This  is  used  in  stables  primarily  to  furnish  clean  and 
comfortable  places  for  animals  to  lie  down.  In  relation 
to  manure,  bedding  is  used  chiefly  for  the  following  pur- 
poses :  ( I )  To  absorb  and  retain  the  urine,  thus  prevent- 
ing loss  by  drainage,  (2)  to  increase  the  amount  of 
slowly  fermentable  matter  in  manure  in  order  to  check 
and  control  the  decomposition,  (3)  to  increase  the 
amount  o(  organic  matter  and  plant-food^  (4)  to  rttain 
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ammonia  and  prevent  its  escape  into  the  air,  (5)  to  make 
manure  easier  to  handle,  and  (6)  to  influence  in  some 
cases  both  the  physical  and  chemical  action  of  manure. 

The  materials  most  commonly  used  are  some  kind 
of  straw,  such  as  wheat,  oat,  rye  or  barley.  When 
easily  procurable,  muck  and  peat-moss  are  often  used. 
Sawdust  and  shavings  are  being  used  in  cities  in  increas- 
ing amounts,  owing  to  the  advancing  cost  of  straw.  The 
straws  commonly  used  as  bedding  contain,  on  an  aver- 
age, about  0.5  per  cent,  of  nitrogen,  0.3  per  cent,  of  phos- 
phoric acid  (0.13  phosphorus)  and  0.7  per  cent,  of  potash 
(0.6  potassium).  In  general,  the  materials  used  for 
bedding  are  not  rich  in  plant-food  constituents. 

In  respect  to  absorbing  power,  ordinary  straw  can  take 
up  two  or  three  times  its  weight  of  water.  Fine-cut  straw 
has  much  greater  absorbing  power  than  coarse  straw; 
thus,  straw  in  pieces  an  inch  long  absorbs  about  three 
times  as  much  liquid  as  uncut  straw.  Peat-moss  of  good 
quality  can  absorb  and  retain  as  much  as  ten  times  its 
weight  of  water,  and  it  also  has  the  additional  advantage 
of  being  able  to  absorb  and  retain  ammonia.  Muck  is 
also  an  excellent  absorbent.  Manure  containing  liberal 
amounts  of  peat-moss  or  muck  can  be  applied  fresh,  even* 
to  light  soils,  without  disadvantage.  Peat,  or  muck,  adds 
considerable  nitrogen  to  manure,  but  not  in  readily 
available  form,  but  it  is  made  more  available  by  fermen- 
tation (p.  198).  One  slight  disadvantage  connected  with 
the  use  of  peat  or  muck  is  that  the  manure  is  a  little 
more  difficult  to  handle.  The  absorbing  power  of  saw- 
dust or  shavings  is  two  or  three  times  that  of  ordinary 
straw ;  they  add  to  manure  about  half  as  much  nitrogen 
as  straw  and  approximately  equal  amounts  of  phosphorus 
and  potassium.  Fine  dry  dirt,  especially  clay  or  loam 
with  plenty  of  humus,  is  found  a  very  convenient  and 
efficient  absorbent. 

The  amount  of  bedding  used  in  farm  manure  varies 
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greatly  according  to  various  conditions.  The  chief  point 
to  keep  in  mind  is  to  use  enough  to  absorb  the  urine  com- 
pletely. The  use  of  too  much  bedding  material,  espe- 
cially of  low  grade,  decreases  the  percentage  of  plant- 
food  constituents,  increases  the  cost  of  handling  and 
may  unfavorably  affect  the  fermenting  process  (p.  211). 
In  the  table  below  we  give  the  average  amounts  of 
bedding  used  in  connection  with  the  excrements  of  vari- 
ous classes  of  farm  animals.  The  data  are  based  upon 
the  average  amounts  of  excrements  produced  annually 
per  1,000  pounds  of  live  weight.  Assuming  the  bedding 
to  be  good  average  straw  and  to  contain  0.5  per  cent,  of 
nitrogen,  0.3  per  cent,  of  phosphoric  acid  and  0.7  per  cent, 
of  potash,  we  indicate  the  amount  of  plant-food  constitu- 
ents furnished  by  the  bedding.  With  the  exception  of 
the  data  for  steers,  the  figures  in  the  last  column  are 
obtained  from  the  table  on  page  295,  by  adding  the  value 
of  plant-food  in  the  bedding  and  in  the  fresh  excrements. 
The  data  in  the  table  are  based  on  the  assumption  that 
all  the  excrements,  both  liquid  and  solid,  are  saved  with- 
out loss.  The  values  given  represent,  therefore,  condi- 
tions that  are  more  favorable  than  those  prevailing  in 
actual  practice. 


Table  35 — Plant-Food  in  Mixed  Excrements  and  Bed- 
ding FOR  One  Year  per  1,000  Pounds  of  Live  Weight. 


Kndof 

Weight  of 
mixed 
excre- 
ments 

Weight  of 
beading 

Weight 
of  total 
manure 

Nitrogen 

Phosphoric 
add 

Potash 

Value  of 
plant- 
food 

Horse 
Cow 
Pig 
Sheep 

Steer 
Hen 

Pounds 
18.000 
27,000 
30,500 
12,500 
15,000 
8.500 

Pounds 
6,000 
3,000 
6.000 
7.000 
3.000 

Pounds 
24.000 
30.000 
36.500 
19.500 
18.000 
8.500 

Pounds 
158 
171 
180 
154 
135 
85 

Pounds 
61  (27P) 
47  (2 IP) 
122  (54P) 
65  (29P) 
54  (24P) 
68  C30P) 

Pounds 
145  (120K) 
148  (123K) 
170  (MlK) 
175  (145K) 
72  (60K) 
34  (28K) 

$29.60 
32.60 
36.00 
31.25 
21.25 
18.70 

P.  Phosphorus.    K,  potassium. 
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It  is  noticeable  that  the  figures  in  the  last  column  vary 
considerably  from  those  given  by  other  writers,  being 
usually  considerably  lower.  This  is  due  to  two  reasons. 
First,  too  high  prices  are  often  assigned  to  the  nitrogen, 
phosphorus  and  potassium  in  stable  manure.  When  we 
consider  the  slow  availability  of  the  plant-food  in  the 
solid  excrement  and  in  the  bedding,  values  should  be  as- 
signed which  represent  approximately,  at  least,  the  actual 
plant-food  value  in  comparison  with  commercial  forms. 
The  values  assigned  (p.  295)  are  believed  to  be  fairly 
generous  when  all  facts  are  considered.  The  second  rea- 
son why  too  high  values  are  often  given  for  the  annual 
manure  product  of  animals  is  that  the  analytical  data 
upon  which  the  calculations  are  based  are  altogether  too 
high  for  average  conditions.  This  is  well  illustrated 
in  the  case  of  hen  manure.  Some  have  estimated  the 
annual  output  per  1,000  pounds  of  live  weight  as  high 
as  $50  or  $60  or  even  more.  The  writer  has  taken  great 
care  to  collect  all  available  reliable  data  and  has  been 
furnished  some  very  valuable  unpublished  figures  by  Mr. 
W.  P.  Wheeler  of  the  New  York  agricultural  experiment 
station.  These  data  do  not  justify  the  large  results 
usually  published. 

From  the  data  in  the  preceding  table,  we  obtain  the 
following  average  values  for  one  ton  of  manure  in  the 
case  of  different  farm  animals : 

Table  36 — Approximate  Value  of  Plant-Food  in  One 

Ton  of  Average  Manure. 

Hone   $2.50 

Cow 2.20 

Pig 2.00 

Sheep 3.20 

8taer 2.35 

Hn 4,40 
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COMPOSITION   OF  FARM   MANURE  AS 

AFFECTED  BY  LOSS  OF  PLANT- 

FOOD  CONSTITUENTS 

Up  to  this  point  we  have  considered  how  the  composi- 
tion of  farm  manure  is  influenced  by  the  composition  of 
the  fresh  excrements  and  the  bedding  materials,  the  two 
factors  which  control  the  composition  of  the  manure  so 
far  as  its  usual  constituent  materials  are  concerned.  We 
should  not  need  to  go  farther  in  our  study  of  composition 
of  farm  manure,  if  all  excrements  were  saved  without 
loss  and  if  no  chemical  changes  took  place  in  the  manure ; 
but  losses  of  plant-food  do  take  place  under  ordinary 
conditions  and  necessarily  affect  the  composition  of  the 
manure.  Such  losses  may  be  due  to  one  or  all  of  three 
causes:  (i)  Loss  of  urine  in  stable,  (2)  loss  of  soluble 
plant-food  by  leaching,  (3)  loss  of  nitrogen  by  fermen- 
tation. 

Loss  of  urine. — It  is  shown  on  page  296  that,  taking 
the  average  for  farm  animals  in  general,  one-half  of  the 
value  of  the  nitrogen  and  two-thirds  of  that  of  the  potash 
excreted  are  found  in  the  urine ;  or,  expressed  on  the 
basis  of  the  total  plant-food  in  urine  and  dung,  about  50 
per  cent,  of  the  value  is  in  the  urine.  When  inefficient 
eflForts,  or  none  at  all,  are  made  to  save  the  urine  by  use 
of  absorbing  materials  (p.  301),  it  can  be  readily  under- 
stood that  large  proportions  of  plant-food  are  lost  and, 
as  already  pointed  out  (p.  300),  the  portions  thus  lost  are 
the  most  readily  available  forms  of  plant-food  in  the  manure. 
Too  often  these  valuable  constituents  are  allowed  to 
run  to  waste  through  the  cracks  of  the  stable  floor. 

Loss  by  leaching. — The  losses  of  plant-food  in  farm 
manure,  as  a  result  of  leaching  by  exposure  to  rain,  have 
been  studied  at  several  experiment  stations  in  America 
and  Europe.  All  results  indicate  marked  loss  of  valua- 
ble constituentSy  including,  not  nitrogen  compounds  alone^ 
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but  phosphorus  and  potassium  compounds  as  well.  The 
method  too  commonly  employed  by  many  farmers  is  to 
throw  the  manure  every  day  from  the  stable  into  the 
adjoining  barnyard,  where  it  lies  for  months  unprotected 
from  rain,  sun  and  wind,  often  directly  under  the  eaves 
of  the  barn.  Investigations  show,  in  brief,  that  in  the 
course  of  six  months  stable  manure  may  lose  60  to  70 
per  cent,  of  its  plant-food  constituents;  in  two  months, 
when  rainfall  is  fairly  abundant,  half  or  more  of  the 
plant-food  value  may  be  washed  out.  Leached  manure 
necessarily  shows  greatly  decreased  effect  on  crops  as 
compared  with  the  unleached.  In  general,  it  is  safe  to 
say  that,  under  the  usual  careless  manner  of  storing  farm 
manure  out  of  doors,  over  one-half  of  the  plant-food  value 
is  lost.  An  important  fact  in  connection  with  this  loss  is 
that  the  portions  dissolved  out  in  leaching  are  the  most 
readily  soluble  and  therefore  the  most  quickly  available  as 
plant-food.  The  losses  by  leaching  are  not  confined  to  the 
liquid  portion  of  manure,  but  the  solid  excrement  may  in 
the  course  of  a  few  months  lose  nearly  one-half  of  its 
nitrogen  and  more  than  half  of  its  phosphorus  and, 
potassium  compounds.  Taking  into  consideration  both 
the  amount  and  availability  of  the  plant-food  leached 
from  stable-manure,  it  is  not  an  exaggeration  to  say  that 
two-thirds  of  the  plant-food  value  is  leached  from  much 
of  the  stable  manure  used  on  American  farms,  which 
means  an  average  loss  of  $1.25  a  ton  at  least. 

Process  of  decomposition  and  loss  of  constituents. — It 
is  a  familiar  farm  experience  to  observe  that  stable 
manure  rapidly  undergoes  characteristic  changes,  such 
as  increase  of  temperature,  development  of  marked  odors, 
shrinkage  in  bulk  and  darkening  in  color.  These  changes 
are  brought  about  by  the  action  of  various  micro-organ- 
isms (p.  189),  especially  bacteria,  yeasts  and  molds. 
The  processes  by  which  these  changes  are  produced  are 
complicated,  especially  since  several  different  kinds  of 
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action  may  be  going  on  at  the  same  time.  We  cannot 
attempt  to  do  more  than  to  call  attention  briefly  to  some 
of  the  more  Important  changes  that  take  place  during 
the  decomposition  of  manure  in  so  far  as  they  relate  to 
losses  of  material. 

The  constituents  in  which  we  are  most  interested  are 
the  following:  (i)  Phosphorus  compounds,  (2)  potas- 
sium compounds,  (3)  nitrogen  compounds  and  (4)  nitro- 
gen-free organic  compounds  (carbohydrates,  starch, 
sugar,  etc.). 

( 1 )  Phosphorus  compounds  are  rarely,  if  ever,  in  danger 
of  any  loss  as  the  result  of  the  decomposition  of  manure 
by  micro-organisms.  Although  no  loss  of  phosphorus  is 
experienced,  the  insoluble  phosphorus  compounds  con- 
tained in  the  solid  excrement  are  more  or  less  largely 
changed  into  available  forms  of  plant-food.  Therefore, 
decomposition  affects  the  phosphorus  compounds  in 
manure  mainly  in  a  favorable  way. 

(2)  Potassium  compounds  in  manure  undergo  no  loss  as 
the  result  of  decomposition  changes.  The  potassium  in 
the  liquid  portion  of  manure  is  usually  converted  into 
alkaline  potassium  carbonate  sooner  or  later  and  in  this 
form  is  useful  in  neutralizing  acids  that  are  formed  in  the 
decomposition  of  starch,  sugar,  etc.  Insoluble  potassium 
compounds  in  solid  portions  of  excrements  are  changed 
during  decomposition  into  more  easily  available  forms  of 
plant-food. 

(3)  Nitrogen  compounds. — ^The  most  serious  loss  that 
takes  place  when  manure  undergoes  decomposition  is  in 
relation  to  the  nitrogen  compounds.  Results  of  experi- 
mental work  indicate  that  under  most  favorable  condi- 
tions about  one-sixth  of  the  nitrogen  in  manure  is  lost 
during  decomposition  and  that,  under  ordinary  conditions, 
not  more  than  one-half  of  the  nitrogen  contained  in  fresh 
manure  is  likely  to  reach  the  soil.  We  can  consider 
separately  the  nitrogen  in  the  urine,  which  is  soluble,  and 
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happens  in  a  loose  heap  or  on  the  outside  of  an  ordinary 
pile  of  manure,  aerobic  bacteria  are  active,  and  the  in- 
soluble nitrogen  compounds  are  broken  down  with  com- 
parative rapidity,  especially  in  case  of  favorably  warm 
temperature;  under  these  conditions  ammonia  is  formed 
rapidly  and,  at  the  temperature  developed  in  the  manure 
heap,  is  apt  to  be  lost  in  considerable  amounts  by  escape 
into  the  air.  Moreover,  the  ammonia  that  does  not  thus 
escape  into  the  air  may  be  decomposed  into  free  nitrogen 
and  water  by  other  bacteria  (p.  210)  and  thus  lost  to  the 
manure  as  plant-food. 

WTien  air  is  excluded  from  manure,  which  is  the  case 
on  the  inside  of  a  well-compacted,  moist  manure  pile, 
the  insoluble  nitrogen  is  attacked  by  putrefactive  micro- 
organisms, which  slowly  change  it  into  various  other 
nitrogen  compounds  and  sooner  or  later  into  ammonia. 
When  formed  under  these  conditions,  the  loss  of  ammo- 
nia by  escape  into  the  air  is  slight,  unless  the  manure  pile 
is  allowed  to  become  dry  or  is  forked  over  and  exposed 
directly  to  the  air. 

(2)  Formation  of  free  nitrogen. — The  formation  of  free 
nitrogen  from  ammonia  may  occur  when  air  is  freely 
admitted  to  manure,  as  already  stated  above.  Free  nitro- 
gen may  also  be  produced  by  denitrification  when  nitrate 
nitrogen  formed  on  the  outside  of  a  manure  pile  has 
been  washed  into  the  inside  by  rain. 

(3)  Conversion  of  soluble  into  insoluble  nitrogen  com- 
pounds,— Throughout  all  parts  of  a  manure  pile,  immense 
numbers  of  bacteria  are  vigorously  at  work  as  long  as  condi- 
tions are  favorable,  and,  it  should  be  remembered,  these  bac- 
teria must  have  nitrogen  as  food  for  their  own  use.  When 
they  can  obtain  it  in  soluble  forms,  they  use  these  by 
preference.  Therefore,  in  the  process  of  decomposition 
of  manure,  bacteria  appropriate  to  their  own  use  ammo- 
nia or  other  soluble  nitrogen  compounds,  which  they 
convert  into  insoluble  forms  by  storing  it  in  their  own 
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bodily  substance.  The  nitrogen  thus  used  is,  however, 
not  lost,  because  it  is  again  changed  into  soluble  forms 
when  the  bacteria  die  and  themselves  undergo  process  of 
decomposition.  The  amount  of  insoluble  nitrogen  thus 
formed  varies  according  to  different  conditions,  but  it 
may  be  stated  that,  in  general,  the  longer  manure  is  kept 
under  conditions  preventing  access  of  air,  the  larger  is 
the  proportion  of  insoluble  nitrogen  and  the  smaller  the 
proportion  of  soluble  nitrogen.  For  this  reason,  old 
manure,  commonly  known  as  well-rotted,  is  less  active 
than  fresh  manure,  which  is  rich  in  ammonia. 

(4)  Production  of  nitrate  nitrogen, — Since  nitrate  nitro- 
gen is  formed  only  in  the  presence  of  oxygen,  it 
can  be  produced  only  in  those  portions  of  manure  that 
contain  abundant  air  supply.  In  a  moist,  well-compacted 
pile  of  manure,  nitrate  is  not  produced  except  in  the 
outer  layers.  This,  if  exposed  to  rain,  is  washed  into  the 
interior  and  then,  in  the  absence  of  air,  it  may  be  con- 
verted into  free  nitrogen  and  lost  or  may  be  changed 
into  insoluble  nitrogen  in  the  bodies  of  the  active  bac- 
teria. Farm  manure  is  not  apt  to  contain  much  nitrogen 
in  nitrate  form,  unless  it  has  undergone  a  long  process 
of  fermentation  under  special  conditions  not  commonly 
prevailing  in  manure  piles.  It  is  expected,  in  the  use  of 
farm  manure,  that  the  production  of  nitrate  will  take  place 
chiefly  after  the  manure  has  been  incorporated  in  the  soil. 

(5)  Changes  in  nitrogen-free  organic  compounds  in 
manure. — ^Thus  far  we  have  not  considered  what  hap- 
pens during  the  process  of  decomposition  to  the  large 
amount  of  nitrogen-free  material,  which  constitutes  so 
large  a  part  of  the  dry  matter  in  solid  excrement  and  in 
bedding.  The  changes  and  results  are  essentially  the  , 
same  as  those  taking  place  in  the  decomposition  of  or- 
ganic matter  in  soils,  which  we  have  already  discussed 
with  some  fullness  (p.  120). 

The  constituent  forming  the  larger  part  of  the  nitro- 
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gen-free  organic  compounds  is  the  cellulose  or  fiber 
present  in  relatively  large  amounts  in  the  undigested, 
coarse  portion  of  solid  excrements  and  in  the  straw  or 
similar  material  used  for  bedding.  When  air  has  free 
access,  the  fibrous  material  is  largely  changed  into  car- 
bon dioxide  and  water;  it  is,  in  fact,  practically  burned 
up  and  largely  disappears  (p.  120).  This  occurs  to  some 
extent  on  the  outside  of  a  loose  manure  pile  before  it 
has  settled  and  become  compact.  The  chief  kind  of 
change,  however,  is  that  which  takes  place  on  the  inside 
of  the  manure  pile  in  the  absence  of  air  and  is  caused 
by  anaerobic  organisms.  The  material  is  changed  into 
a  dark-brown  or  black  mass  and  all  traces  of  original 
structure  disappear  sooner  or  later,  the  fibrous  sub- 
stances disintegrating  into  a  dark,  fine,  soft  mass.  Owing 
to  these  characteristic  changes,  the  process  of  manurial 
decomposition  is  commonly  called  "rotting";  fermented 
or  decomposed  manure  is  often  known  as  "rotted"  or 
"well-rotted"  manure. 

This  change  is  accompanied  by  shrinkage  in  bulk,  ow- 
ing to  actual  loss  of  material.  In  the  original  carbohy- 
drate material,  more  or  less  of  its  carbon  is  changed 
into  carbon  dioxide  gas  and  its  hydrogen  into  free  hydro- 
gen or  marsh  gas  (CH4 ) .  It  may  be  stated  that,  in  gen- 
eral, from  one-quarter  to  one-half  of  the  dry  matter 
originally  present  in  manure  is  lost  during  the  process  of 
decomposition,  the  amount  varying  according  to  the  con- 
ditions of  decomposition  and  the  length  of  time  the 
process  continues. 

(6)  "Fire-fanging," — In  this  connection,  we  will  here 
call  attention  to  an  abnormal  process  which  occurs  in 
manure  that  is  loose  and  dry,  as  for  example,  a  mixture 
of  horse  manure  and  straw.  There  is  throughout  the 
manure  a  white  appearance,  as  if  it  had  been  sprinkled 
with  flour.  This  appearance  is  due  to  growths  charac- 
teristic of  fungi.    Manure  which  has  gone  through  this 
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experience  is  said  to  be  *'fire-fanged*'  and  its  value  is  re- 
garded as  being  impaired. 
Summary    of    decomposition    changes    of    manure. 

Enough  has  been  said  to  show  that  the  changes  under- 
gone by  manure  are  varied  and  complex;  many  of  them 
are  taking  place  at  the  same  time  and,  in  some  cases, 
changes  that  are  reverse  in  character.  To  give  a  more 
comprehensive  view  of  all  these  changes,  we  will  briefly 
summarize  the  main  facts. 

( 1 )  Decomposition  of  urinary  nitrogen. — ^The  first  change 
to  occur  is  the  formation  of  ammonia  in  urine;  loss  of 
ammonia  by  volatilization  is  apt  to  occur  unless  the 
process  is  carefully  managed  by  keeping  the  manure 
moist  and  compact. 

(2)  Decomposition  of  insoluble  nitrogen. — ^The  insoluble 
organic  nitrogen  compounds  contained  in  solid  animal 
excrements  and  in  bedding  undergo  putrefactive  de- 
composition with  formation,  sooner  or  later,  of  ammonia. 

(3)  Conversion  of  soluble  into  insoluble  nitrogen. — 
Ammonia  and  other  soluble  compounds  of  nitrogen  are 
used  in  considerable  amounts  as  food  by  the  bacteria 
in  the  manure  and  are  stored  in  their  bodily  substance 
in  insoluble  forms;  nitrogen  transformed  in  this  way  is 
not  lost,  but  becomes  available  when  the  bacteria  die  and 
undergo  decomposition. 

(4)  Formation  of  free  nitrogen. — Under  some  conditions, 
the  nitrogen  of  ammonia  and  of  nitrates  is  decomposed 
with  formation  of  free  nitrogen  and  its  consequent  loss 
as  plant-food. 

(5)  Decomposition  of  nitrogen-free  organic  compounds. 
— The  portions  of  manure  represented  by  fibrous  mate- 
rials like  cellulose  are  disintegrated  into  a  dark-brown 
or  black  mass  of  fine,  soft  material,  in  which  all  traces  of 
original  fibrous  structure  disappear  sooner  or  later.  Dur- 
ing this  change,  carbon  and  hydrogen  disappear  in  the 
form  of  gaseous  compounds  to  such  an  extent  that  from 
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one-fourth  to  one-half  of  the  origfinal  dry  matter  in  the 
manure  is  lost.  For  this  reason,  manure  shrinks  in  bulk 
during  decomposition. 

Differences  in  fresh  and  decomposed  manure. — In 
speaking  of  partially  decomposed  or  rotted  or  fermented 
manure,  we  usually  mean,  as  nearly  as  it  is  possible  to 
describe  it,  manure  in  which  the  fibrous  material  has  been 
largely  decomposed  into  a  somewhat  crumbly,  dark- 
colonf  d  mass,  the  original  structure  of  the  materials  hav- 
ing more  or  less  largely  disappeared.  In  respect  to  com- 
position, fresh  and  decomposed  manure  differ  in  regard 
to  the  following  points,  assuming  that  the  fresh  manure 
is  a  normal  mixture  of  urine  and  solid  excrement  and 
that  the  conditions  of  decomposition  have  been  under 
good  control. 

( 1 )  Decomposed  manure  richer  in  plant-food  constituents. 
We  have  seen  that  fresh  manure  shrinks  much  in  bulk, 
one  ton  of  fresh  manure  forming  only  one-half  to  three- 
fourths  of  a  ton  of  decomposed  manure.  Since  this  loss 
falls  upon  the  organic  nitrogen-free  constituents  that 
furnish  no  plant-food,  the  plant-food  constituents  are,  as 
a  result,  concentrated  in  the  portion  remaining. 

(2)  Nitrogen  in  fresh  manure  more  largely  soluble. — 
The  nitrogen  in  decomposed  manure  is  more  largely  in 
insoluble  form  than  that  in  fresh  manure.  The  urinary 
nitrogen  in  fresh  manure  is  entirely  in  solution;  but,  dur- 
ing the  decomposition  of  manure,  it  is  more  or  less  used 
as  food  by  bacteria  and  converted  into  insoluble  form  as 
an  integral  part  of  their  bodies. 

(3)  Phosphorus  and  potassium  more  soluble  in  decom- 
posed manure, — The  soluble  phosphorus  and  potassium  in 
fresh  manure  largely  remain  so  during  decomposition, 
while  the  insoluble  forms  of  these  two  constituents  present  in 
solid  excrement  and  bedding  become  more  or  less  soluble. 

Relation  of  air  to  decomposition  of  manure. — Before 
leaving  this  portion  of  our  discussion,  we  wish  to  em- 
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phasize  the  importance  of  controlling  the  air  supply  of 
manure  during  the  process  of  decomposition.  We  have 
already  seen  that  serious  losses  of  nitrogen  in  the  form 
of  ammonia  and  of  free  nitrogen  are  due  to  forms  of 
micro-organisms  requiring  abundance  of  oxygen,  and 
that  larger  amounts  of  carbohydrate  or  nitrogen-free  ma- 
terials are  converted  into  gaseous  form  in  the  presence 
of  abundance  of  air. 

The  bacterial  processes  that  use  atmospheric  oxygen 
take  place  with  great  rapidity  and  intensity  when  the 
air  supply  is  large.  The  process  is  one  of  oxygen  con- 
sumption, a  form  of  burning,  and  results  in  the  produc- 
tion of  heat,  the  temperature  increasing  with  the  air 
supply.  Farmers  commonly  speak  of  this  process  in 
manure  as  "heating"  or  "hot"  fermentation.  The  tem- 
perature may  rise  as  high  as  150**  F.  (65.5°C.)  in  the 
outer  layers  of  a  manure  pile  just  under  the  surface  or 
on  the  inside  of  a  loose  pile.  Temperatures  above  130®  F. 
(54.5^0.)  are  unfavorable,  decomposing  ammonium  car- 
bonate and  driving  off  ammonia.  When  the  air  supply 
is  limited  or  excluded,  as  on  the  inside  of  a  compact 
heap,  the  temperature  is  usually  below  100®  F.  (37.8°C.). 

The  presence  of  moisture  in  large  amounts  tends  to 
exclude  air  and  therefore  favors  anaerobic  instead  of 
aerobic  decomposition.  It  is  largely  the  difference  in 
moisture  and,  consequently,  the  amount  of  air  present, 
that  makes  the  manure  of  different  animals  decompose 
with  different  degrees  of  ease  or  rapidity.  The  manure 
of  horses  and  sheep,  on  account  of  dryness,  porosity  and 
ready  accessibility  to  air,  decomposes  easily;  such 
manures  are  called  "hot."  The  manure  of  cattle  and  pigs 
contains  a  high  percentage  of  water,  ferments  slowly 
and  is  called  "cold."  Moist  manure,  like  that  of  cattle, 
forms  a  hard,  impervious  coat  on  the  surface  when  it 
dries  and  this  protects  the  interior  from  rapid  loss  of  mois- 
ture as  well  as  makes  it  less  accessible  to  external  bacteria. 


CHAPTER  XVIII 

FARM  MANURE:  CARE,  VALUE  AND  USB 

The  fundamental  object  in  caring  for  farm  manures  is 
to  prevent  loss  of  plant-food  constituents  as  far  as  possible. 
Even  under  favorable  conditions,  it  is  practically  impossible 
to  prevent  some  loss  of  nitrogen,  say  15  to  20  per  cent 
However,  there  is  no  difficulty  in  conserving  all  the  phos- 
phorus and  potassium  compounds.  In  considering  methods 
of  caring  for  farm  manures,  there  are  certain  conditions  to 
be  observed  in  all  methods ;  and,  before  considering  details 
of  special  methods,  we  will  consider  some  of  the  moreobvious 
means  of  preventing  loss  of  plant-food,  mainly  suggested  by 
the  discussion  in  the  preceding  chapter, 

PREVENTION  OP  LOSS  OP  PLANT-FOOD  IN 

STABLE  MANURE 

The  usual  losses  of  plant-food  in  farm  manures  can  be 
largely  avoided  by  observing  the  following  conditions: 
(i)  Use  of  mechanical  and  chemical  absorbents,  (2) 
regulation  of  the  process  of  fermentation,  (3)  protection 
from  leaching. 

Use  of  absorbents.— -Urine  must  be  saved  from  mechan- 
leal  loss,  and,  after  ammonia  is  formed  in  it,  this  must  be  kept 
from  escaping  into  the  air.  Such  losses  are  prevented  or 
lessened  (ist)  by  means  of  water-tight  floors  and  stable 
gutters,  and  (2d)  by  means  of  mechanical  and  chemical 
absorbents.  For  mechanical  absorption,  materials  must  be 
used  which  will  take  up  the  liquid  and  hold  it  securely  with- 
out danger  of  loss  from  dripping  when  the  manure  is 
handled.  The  comparative  absorbent  powers  of  several 
different  materials  used  for  this  purpose  have  been  discussed 
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already  in  connection  with  bedding  (p.  301).  Several  chemi- 
cal materials  are  also  used,  which  have  a  minor  value  as 
mechanical  absorbents,  but  are  more  useful  because  they  can 
form  with  ammonia  chemical  compounds  which  do  not 
escape  into  the  air.  Of  such  materials,  those  most  commonly 
used  are  land-plaster  (gypsum),  kainite  and  acid  phosphate. 
Such  materials  as  wood-ashes  or  lime,  either  slaked  or 
unslaked,  should  in  no  case  be  mixed  with  stable  manure, 
because  they  produce  rapid  decomposition  and  loss  of  nitro- 
gen compounds.  The  use  of  ground  rock-phosphate 
("floats")  with  manure  will  also  be  discussed  in  this  connec- 
tion. 

(i)  Land-plaster  or  gypsum  (CaS04.2H20,  p.  55)  has 
been  much  used  for  a  long  time.  Its  chief  value  is  not 
because  it  possesses  unusual  power  as  a  mechanical  absorb- 
ent, of  liquid  or  of  ammonia,  a  common  belief ,  but  because 
by  chemical  action  it  changes  the  easily  volatile  ammonia  into 
a  more  stable  form.  This  change  can  be  represented  as 
follows : 

CaSOi         4-        (NHOsCOt      •       (NH4)flS04        4-        CaCOl 
Calclnm  wIplwiU,  •mmonhim  cadMnate.  ammooitmi  •alphate,  caldom  cuboairtt 

Ammonium  sulphate  is  a  compound  in  which  the  ammonia 
IS  held  fast  and  is  not  in  danger  of  loss  by  escape  into  the 
air.  The  calcium  carbonate  thus  formed  is,  of  course,  bene- 
ficial to  the  soil  (p.  374).  There  is,  however,  one  objection 
to  the  use  of  land-plaster ;  during  the  anaerobic  fermentation 
in  the  manure,  it  is  possible  that  the  sulphate  may  become 
converted  into  sulphide  of  calcium,  which  acts  as  a  poison 
to  plants.  This  possible  danger  is  probably  one  that  does 
not  deserve  serious  consideration. 

In  order  to  be  effective  in  manure,  tlie  land-plaster  must 
be  finely  ground  and  moist.  One  method  of  use  is  to  sprinkle 
it  on  the  urine  or  moist  dung.  Some  prefer  to  apply  it  on 
the  stable  floor  after  cleaning  and  before  spreading  bedding. 
In  order  to  be  of  most  use,  the  amount  applied  should  be 
fairly  large,  not  less  than  lOo  pounds  for  one  ton  of  manure. 
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which  is  rather  more  than  is  usually  recommended.  The 
amounts  used  daily  for  single  animals  would  be  approxi- 
mately as  follows:  Horses,  2  to  3  pounds;  cattle,  3  to  4 
pounds;  pigs,  8  ounces  to  i  pound;  sheep,  2  to  4  ounces; 
100  hens,  8  ounces  to  i  pound.  The  comparatively  high  cost 
of  gypsum  and  its  smaller  efficiency,  compared  with  acid 
phosphate,  make  its  use  a  somewhat  expensive  practice. 


PKODUCT  OF  ONE  TON  OP  MANURE 
U  yeari'  average  results.  (Yield  on  one-sixteenth  acre  plots,) 
Fresh  manure  treated  willi  acid  phosphate:  Corn,  4.20  bushels; 
Wheat,  2.03  bushels ;  Hay,  330  pounds.  Fresh  manure  treated  with 
fiopis:  Corn,  3.72  bushels;  Wheat,  1.37  bushels;  Hay,  303  pounds. 
Untreated  fresh  manure:  Corn,  3.9S  bushels;  Wheat,  1.33  ,';;:.i^«^ 
Hay.  178  pounds.  Untreated  yard  manure:  Com,  2.3S  t)ushels< 
Wheat,  1.25  bushels;  Hay,  100  pounds.    Ohio  Station. 

(2)  Kainite  (p.  281 )  sprinkled  on  manure  tends  to  attract 

and  hold  moisture.  The  potassium  and  magnesium  com- 
pounds in  kainite  tend,  as  in  case  of  calcium  in  land-plaster, 
to  change  ammonium  carbonate  into  more  stable  compounds, 
such  as  ammonium  chloride  and  sulphate.  Kainite  has  the 
advantage  of  being  easih'   soluble  and  is  therefore  more 
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readily  distiibuted  through  the  manure  and  more  completely 
utilized  than  land-plaster.  The  application  is  recommended 
of  50  pounds  of  kainite  for  one  ton  of  manure.  One  pre- 
caution should  be  observed  in  the  use  of  kainite  or  any  similar 
material ;  it  should  be  kept  from  direct  contact  with  the  feet 
of  animals,  since  it  is  injurious.  It  is  therefore  best  applied 
to  fresh  manure  and  covered  with  bedding  or  it  may  be 
applied  and  carefully  mixed  with  the  manure  daily  when 
the  stable  is  cleaned. 

(3)  Acid  phosphate  or  superphosphate  (p.  271)  contains 
a  considerable  proportion  of  gypsum  (land-plaster),  and,  to 
:his  extent,  its  action  is  the  same  as  that  of  land-plaster. 
The  soluble  calcium  acid  phosphate  in  superphosphate  com- 
bines with  ammonia  easily  and  holds  it  firmly.  Superphos* 
phate  is  more  effective  than  either  land-plaster  alone  or 
kainite  in  holding  ammonia.  To  be  effective,  about  50 
pounds  of  high-grade  superphosphate  should  be  used  for 
one  ton  of  manure.  Superphosphate,  like  kainite,  should 
be  kept  from  coming  into  direct  contact  with  the  feet  of 
animals.  The  objection  may  be  made  that  the  soluble  phos- 
phoric acid  of  the  superphosphate  k  ^abanged  into  an  insolu- 
ble form  b^  combination  with  amm^..  This  objection  is 
not  serious,  since  the  phosphoric  acid  again  becomes  easily 
available  in  the*  soil.  The  use  of  superphosphate  with 
manure  should  for  reasons  of  efficiency  and  economy  sup- 
plant land-plaster. 

A  mixture  of  acid  phosphate  and  kainite  may  be  used  at 
the  rate  of  25  pounds  or  more  of  each  for  one  ton  of 
manure.  This  mixture  has  the  advantage  of  increasing  the 
amount  of  phosphorus  and  potassium,  so  that  the  treated 
manure  contains  plant-food  constituents  in  proportions 
nearer  to  those  commonly  used  on  crops  instead  of  being 
over-rich  in  nitrogen  and  poor  in  phosphorus. 

(4)  Ground  rock-phosphate  or  ^'floats'*  has  been  quite 
extensively  used  in  connection  with  stable  manure  at  the 
rate  of  100  pounds  for  one  ton  of  manure.  This,  however, 
has  no  chemical  action  in  combining  with  ammonia,  and. 
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therefore,  its  behavior  is  that  of  a  mechanical  absorbent, 
like  that  of  any  inert,  finely  divided  substance.  The  chief 
advantage  appears  to  be  that  insoluble  phosphate  applied  to 
fresh  manure  becomes  slowly  available  to  crops  to  which 
the  manure  is  applied ;  some  experimental  results  appear 
to  indicate  that  the  insoluble  phosphate  becomes  avail- 
able more  quickly  by  being  mixed  with  the  manure  just 
before  application  to  the  soil. 

(5)  Sulphurous  acid. — ^There  has  been  recently  recom- 
mended another  compound  for  use  on  manure  to  prevent 
losses  during  the  decomposition  process.  The  compound 
is  a  solution  of  sulphurous  acid.  This  is  sprinkled  on 
manure  freely.  It  combines  with  ammonia  and  soon 
changes  to  ammonium  sulphate,  which  is  in  no  danger  of 
loss  by  escape  into  the  air. 

Regulation  of  the   fermentation   process.— We   have 

seen  that  the  plant-food  constituent  that  is  lost  in  the  fer- 
mentation of  manure  is  nitrogen  and  that  this  is  lost  by 
escape  into  the  air  in  the  form  of  either  ammonia  or  of  free 
nitrogen.  We  have  also  seen  that  the  largest  nitrogen  losses 
in  fermentation  take  place  when  the  manure  is  dry  and  loose, 
furnishing  ready  access  of  air  to  all  parts.  While  the  loss 
of  15  to  20  per  cent,  of  the  nitrogen  originally  present  in  the 
manure  is  practically  unavoidable,  additional  loss  can  be 
largely  prevented  by  controlling  the  conditions  of  fermenta- 
tion; and  this  can  be  done  (i)  by  keeping  the  manure  com- 
pact, (2)  by  keeping  it  moist,  (3)  by  use  of  preservatives, 
and  (4)  by  using  old  manure  as  a  foundation  of  the  manure 
pile. 

(i)  Keeping  manure  compact, — ^The  rapid  fermentation 
that  results  in  loss  of  nitrogen  in  manure  is  caused  by  organ- 
isms that  require  an  abtmdant  supply  of  oxygen.  In  cutting 
down  the  supply  of  air  in  manure,  this  destructive  kind  of 
fermentation  is  prevented  or  kept  under  control.  It  is 
essential  to  keep  the  mass  of  manure,  whether  stored  in  a 
pile  or  tome  other  way,  as  compact  as  possible :  this  can  bt 
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done  t^  trampling  after  every  additicm  is  made  to  the  mass. 
In  the  case  of  manure  piles,  the  sides  and  tops  should  be 
kept  as  smooth  as  practicable  in  order  to  exclude  air.  Under 
conditions  of  proper  compactness,  the  temperature  does  not 
become  high  enough  during  fermentation  to  cause  serious 
loss  of  nitrogen, 

(2)  Keeping  manure  moist. — The  effect  of  an  abundanc 
of  moisture  in  the  manure  pile  is  twofold:  (ist)  It  tends  r 


No.  1.  no  treatment;  No. 

keep  the  temperature  down  and  thus  prevents  destructive 
decomposition  of  nitrogen  compounds,  and  (2d)  it  shuts 
out  the  air  and  thus  prevents  rapid  fermentation.  Water 
should  he  added  to  a  manure  heap  whenever  signs  of  hot 
fermentation  are  apparent.  One  must,  however,  avoid  add- 
ing an  excess  of-  water,  by  which  is  meant  more  than  can 
be  absorbed  and  held  without  draining  away  from  the  pile. 
By  keeping  manure  sufficiently  compact  and  moist,  one 
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prevents  serious  loss  of  nitrogen  without  checking  the  slower 
forms  of  fermentation. 

In  connection  with  this  treatment,  attention  should  be 
called  to  the  decided  advantage  of  mixing  different  kinds  of 
fresh  farm  manures  when  they  are  available.  Thus,  horse 
or  sheep  manure,  which  is  dry  and  porous  and  quick  to  fer- 
ment, should  be  mixed  with  cow  or  pig  manure,  which  is 
very  moist  and  compact,  and  slow  to  ferment. 

(3)  Use  of  preservatives. — ^\Ve  have  already  (p.  316) 
discussed  the  use  of  some  substances  which,  when  added  to 
manure,  cornbine  with  and  firmly  hold  ammonia,  preventing 
its  escape  into  the  air.  Some  of  these  materials,  especially 
acid  phosphate  and  kainite,  have  the  additional  power  of 
retarding  fermentation;  they  are  poisonous  to  micro- 
organisms. When  used  in  moderate  amounts,  rapid  fer- 
mentation is  prevented.  On  the  whole,  however,  it  appears 
advisable  to  depend  largely  upon  keeping  the  manure  com- 
pact and  moist  for  the  purpose  of  preventing  rapid  decom- 
position. 

(4)  Use  of  old  manure  as  foundation  of  pile, — Experi- 
ments have  shown  that  losses  of  nitrogen  by  fermentation 
can  be  largely  controlled  by  using  as  a  fourtdation  of  a  new 
manure  pile  a  layer  of  well-rotted  farm  manure,  a  foot 
deep  or  more.  The  explanation  of  the  beneficial  results  of 
this  treatment  probably  lies  in  the  fact  tliat  the  old  manure 
gives  off  abundant  amounts  of  carbon  dioxide  gas  and  expels, 
or,  at  least,  dilutes  the  air  in  the  fresh  manure,  thus  dimin- 
ishing the  activity  of  the  fermentation  by  reducing  the  air 
supply. 

Protection  from  leaching. — When  farm  manure  is  to  be 
stored  for  any  length  of  time,  it  should  be  kept  under  shelter, 
if  possible.  When  conditions  compel  the  storage  of  manure 
outdoors,  precautions  can  be  taken  to  lessen  greatly  the  loss 
by  leaching.  The  pile  should  be  made .  high  enough  to 
absorb  and  hold  all  the  rain  that  falls  on  it  without  leakage. 
The  sides  of  the  pile  should  be  kept  as  straight  and  smootli 
as  possible,  the  top  should  slope  toward  the  center  a  little, 


FARM  manure:  care^  vali:e  and  use  323 

and  the  heap  should  be  made  as  compact  as  possible.  It  is 
not  the  rain  that  falls  on  the  pile  which  causes  loss,  but  the 
water  which  runs  through  the  pile  and  drains  away  at  the 
bottom. 

SPECIAL  METHODS  OF  CARING  FOR  FARM 

MANURE 

In  addition  to  what  has  been  said  about  ways  of  prevent- 
ing loss  of  plant- food  constituents  in  farm  manures,  we  will 
give  a  brief  description  of  some  special  methods  of  storing 
and  handling  manure.  Of  methods  in  use  we  select  the  fol- 
lowing for  consideration,  since  they  may  be  regarded  as 
among  the  most  practicable:  (i)  Covered  yards,  (2) 
deep-stall  system,  (3)  composting,  (4)  special  treat- 
ment of  poultry  manure. 

Covered  manure  yards. — These  are  well-roofed  sheds, 
with  or  without  sides,  and  provided  with  water-tight 
floors,  which  may  be  used  for  storing  stable  manure  dur- 
ing decomposition  when  it  cannot  otherwise  be  advan- 
tageously disposed  of.  The  manure  can  be  piled  and 
kept  under  control  by  properly  compacting  the  pile  and 
moistening  when  necessary.  Another  use  of  covered  manure 
yards  amounts  practically  to  putting  the  barnyard  under 
cover,  allowing  iJie  animals  to  run  there.  The  manure  from 
the  stables  is  spread  uniformly  over  this  yard  daily.  The 
trampling  of  the  manure  by  the  animals  keeps  it  compact 
and  moist,  and  the  decomposition  is  easily  kept  under  proper 
control.  Under  this  system  the  losses  of  nitrogen  during 
decomposition  are  comparatively  small,  the  manure  is  con- 
venient for  handling  and  the  plant-food  is  in  a  good  condi- 
tion of  availability.  Excellent  results  have  been  obtained 
also  by  using  the  covered  barnyard  as  a  place  for  keeping 
cows  all  the  while  except  during  milking-time.  Mangers  for 
feeding  are  provided  and  enough  bedding  distributed  to  keep 
the  animals  clean.    A  simple  modification  of  this  system  is 
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to  put  horse  and  cattle  manure  under  shelter,  as  for  example 
in  the  basement  of  the  bam,  where  swine  can  work  it  over, 
adding  their  excrements  and  keeping  the  mass  compact  and 
moist. 

Another  modification  of  covered  manure  yard  or  shed  is 
an  inclosed  structure,  located  conveniently  near  the  stables, 
with  a  water-tight  floor  sloping  slightly  from  the  sides  to 
the  center.  Thick  walls  and  a  shaded  location  will  contribute 
much  to  control  of  the  conditions  of  decomposition.  A  con- 
venient plan  for  such  a  building  is  to  have  it  wide  enough 
to  form  piles  of  manure  on  each  side  and  leave  space  enough 
in  the  center  to  drive  through  with  a  wagon.  Upon  the  floor 
is  daily  placed  the  manure  taken  from  the  stables  and  a  pile 
f>uilt  up  five  or  six  feet  high.  In  starting  the  pile,  it  will  be 
found  advantageous  to  place  as  the  foundation  a  six-inch 
layer  of  well-fermented  manure.  The  pile  is  kept  moistened 
if  necessary.  Should  liquid  drain  from  underneath  it  should 
be  put  back  on  the  pile  or  absorbed  by  muck,  dry  earth,  or 
some  other  good  absorbent.  After  a  pile  has  been  com- 
pleted, it  is  allowed  to  ferment  about  a  month  in  warm 
weather  or  two  months  in  cold,  when  it  is  well  to  fork  it 
over  in  order  to  make  the  fermented  product  more  uniform 
in  character  and  also  to  hasten  the  process  somewhat  by  a 
moderate  air  supply.  Water  is  added  after  the  turning  if 
the  pile  shows  any  signs  of  being  dry.  It  is  also  well  after 
turning  manure  to  cover  the  pile  with  land-plaster,  dry 
earth,  muck  or  similar  material  to  the  depth  of  one  or  two 
inches  in  order  to  retain  anunonia  that  might  otherwise 
escape  into  the  air.  Slightly  modified,  this  method  may  be 
used  for  making  compost.  Along  with  the  stable  manure 
may  be  thrown  in  any  waste  organic  material  from  the 
house  or  farm.  After  the  layer  is  about  a  foot  deep,  it  is 
covered  over  to  the  depth  of  one  or  two  inches  with  dry 
eartli,  muck,  sod  or  similar  material,  and  then  another 
layer  of  manure,  etc.  The  same  precautions  are  taken  to 
keep  the  pile  moist  and  cool,  and  the  process  is  the  same 
hi  Dther  respects  as  already  described. 
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Deep-Stall  system. — A  method  of  storing  manure  prev- 
alent in  Europe  is  to  allow  the  manure  to  accumulate  under 
animals  in  something  like  box-stalls,  the  floor  of  the  stall 
being  below  the  general  level  of  the  barn  floor.  The  fresh 
manure  is  daily  distributed  in  a  uniform  layer  over  the  stall 
floor  and  covered  with  abundance  of  litter.  The  results  are 
good  in  respect  to  the  character  of  the  manure  produced, 
but  the  method  is  objectionable  on  sanitary  grounds,  at  least 
for  use  with  dairy  animals. 

Composting. — This  method  consists,  in  general,  of 
forming  a  heap  of  fresh  manure  in  alternate  layers  with 
absorbent  materials,  keeping  as  moist  as  necessary  and  turn- 
ing over  occasionally.  The  details  vary  in  individual  cases 
in  respect  to  the  absorbent  and  other  materials  used,  the 
thickness  of  layers,  size  of  heap,  frequency  of  turning  over, 
location  outdoors  or  under  shelter,  etc.  One  method  of 
making  a  compost  heap  is  to  use  as  a  foundation  about  four 
to  six  inches  of  fi.ne  dry  earth,  or,  better,  peat  or  muck,  or 
well-fermented  manure.  On  this  foundation  a  layer  of  fresh 
manure  is  spread  of  equal  or  greater  thickness  andtl\en  alter- 
nating layers  of  absorbent  material  (peat,  muck  ot  earth) 
and  manure.  Care  is  taken  to  see  that  the  manure  is  suf- 
ficiently  moist  when  first  placed  and  tha^t^  it  be*  kept  so  all 
the  while,  in  order  to  prevent  too  rapid  fermentation.  The 
addition  of  so  much  water  as  to  cause  drainage  from  the 
bottom  of  the  pile  is  to  be  avoided.  The  use  of  the  earth 
or  muck  is  for  the  purpose  of  holding  moisture  and  absorb- 
ing ammonia.  The  entire  outer  surface  of  the  mass  should  be 
kept  covered  all  the  time  with  a  coating  of  earth.  In  the 
course  of  six  weeks  or  two  months  after  a  pile  is  completed, 
it  is  forked  over,  uniformly  mixed  and  moistened  if  neces- 
sary and  again  covered  with  a  layer  of  absorbent,  unless 
used  at  once.  This  is  for  the  purpose  of  increasing  some- 
what the  air  supply  and  making  conditions  more  uniform 
through  the  mass ;  it  also  favors  the  formation  of  nitrates. 
In  place  of  earth  or  muck  for  the  alternating  layers  of 
absorbent  material,  one  can  use  grass  sod,  a  mixture  very 
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popular  with  forcing-house  composts.  Composted  along 
with  manure  or  separately  can  be  used  any  waste  organic 
materials  of  the  household  or  farm,  such  as  kitchen  garbage, 
dead  animals,  weeds,  plant  wastes,  human  excrements,  etc. 
One  advantage  of  composting  such  waste  materials  in  addi- 
tion to  utilizing  their  plant-food,  is  that  they  can  be  made 
to  decompose  readily  without  the  offensive  odors  characteris- 


Vields  of  alsike  clover  on  loess  soil.  From  left  to  right.  No.  1,  no 
treatment;  1,500  lbs.  No.  3,  manure;  2,440  lbs.  No.  3,  no  treat- 
ment, nurse-crop;  5S0  lbs.  No.  4,  manure  and  nurse-crop;  2,980  lbs. 
Iowa  Station. 

tic  of  the  decay  of  many  waste  materials  under  ordinary 
conditions. 

The  composted  product  can  be  made  more  valuable  as  a 
source  of  plant-food  for  crops  by  mixing  with  either  the 
fresh  or  the  fermented  manure  materials  rich  in  phosphorus 
and  potassium,  such  as  bone-meal,  ground  rock-phosphate 
("floats"),  acid  phosphate,  bone-flour,  kainite,  muriate  of 
potash,  etc.,  as  already  suggested  (p.  322). 
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Bones  can  be  composted  and  reduced  to  a  condition  Ciat 
enables  one  to  grind  them  easily.  This  is  done  by  mixing 
the  bones  with  quicklime  or  unleached  hard-wood  ashes, 
covering  with  a  thick  layer  of  earth  or  muck  to  absorb 
ammonia  and  allowing  to  remain  for  some  weeks. 

In  this  connection  attention  should  be  briefly  caller^  to  a 
method  which  has  of  late  attracted  some  interest.  This  con- 
sists in  treating  manure,  straw  or  any  kind  of  organic 
material  with  a  mixture  consisting  of  quicklime,  unleached 
wood-ashes,  salt,  saltpeter,  land-plaster  and  night-soil.  This 
treatment  carefully  applied  would  undoubtedly  cause  rapid 
changes,  but  special  care,  by  a  generous  use  of  absorbent 
materials,  would  be  needed  to  prevent  loss  of  nitrogen. 
Quicklime  or  slaked  lime  can  be  used  in  very  smtall  amotmts 
in  any  compost  heap  where  rapid  action  is  desired,  but 
extreme  caution  must  be  used  in  keeping  the  heap  compact 
and  moist,  and  absorbent  materials  must  be  employed  in 
abundance.  The  use  of  lime  in  this  way  will  insure  effective 
action  of  the  compost  when  applied  to  soil.  We  should, 
however,  advise  the  use  of  finely  ground  carbonate  of 
lime  in  larger  amounts  rather  than  the  use  of  small 
amounts  of  quicklime  or  slaked  lime. 

Special  treatment  of  poultry  manure. — Poultry  manure 
IS  of  sufficient  importance  to  deserve  a  paragraph  by  itself. 
On  account  of  its  high  percentage  of  nitrogen,  poultry 
manure  easily  loses  nitrogen  by  decomposition,  especially 
in  warm  weather.  It  is  therefore  important  to  mix  thi 
manure  while  fresh  with  materials  that  will  retard  decompo- 
sition and  act  as  absorbents.  For  this  purpose,  the  following 
mixture  is  recommended :  For  10  pounds  of  poultry  manure, 
use  4  pounds  of  sawdust  or  dry  muck,  4  pounds  of  acid 
phosphate,  and  2  pounds  of  kainite,  and  at  proportional 
rates  for  larger  amounts  of  manure.  One  ton  of  such  a 
mixture  contains  about  10  pounds  of  nitrogen,  65  pounds  of 
phosphoric  acid  and  30  pounds  of  potash,  furnishing  a  com- 
plete fertilizer  of  good  quality  adapted  to  general  farm  use. 
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FERTILIZING  VALUE  OF  FARM  MANURES 

Until  quite  recent  times,  animal  manures  have  always 
been  the  main  source  of  supply  of  plant-food  used  in  the 
growing  of  crops,  and  in  many  countries  this  is  still  true. 
In  the  light  of  our  modem  knowledge  relating  to  soil  fer- 
tility and  the  feeding  of  crops,  the  long-continued  use  of 
farm  manures  has  been  well  justified.  It  is  our  purpose  at 
this  point  to  present  in  a  comprehensive  way  some  of  the 
main  reasons  why  stable  manure  has  special  value  in  relation 
to  the  growing  of  crops.  The  main  points  to  be  considered 
in  respect  to  the  fertilizing  value  of  farm  manures  are  the 
following:  (i)  As  a  source  of  plant-food,  (2)  as  a 
source  of  organic  matter,  (3)  as  a  promoter  of  useful 
organisms,  (4)  as  a  promoter  of  crop  growth,  (5)  long- 
continued  effects,  (6)  farm  manure  and  conservation  of 
fertility,  (7)  commercial  and  agricultural  value,  (8) 
unbalanced  character  of  farm  manure. 

As  a  source  of  plant-food. — Stable  manure  contains 
nitrogen,  phosphorus  and  potassium  compounds,  which  are 
the  constituents  usually  most  needed  in  cultivated  soils. 
When  farm  manure  is  properly  cared  for  and  applied,  the 
plant-food  constituents  possess  varying  degrees  of  avail- 
ability, portions  of  each  being  ready  for  immediate  use  and 
other  portions  becoming  gradually  available  during  the  grow- 
ing period  of  crops  and,  to  some  extent,  during  two  or  three 
gr  more  seasons  in  succession.  Generally  speaking,  farm 
manures  are  deficient  in  phosphorus  in  comparison  with 
nitrogen  and  potassium  and,  in  addition,  nearly  all  of  the 
phosphorus  is  in  the  solid  portion  of  the  manure  and  more 
or  less  largely  insoluble,  at  least  in  the  case  of  fresh  manure. 

As  a  source  of  organic  matter. — The  large  amount  of 
organic  matter  in  stable  manure  is  an  important  factor  in 
giving  added  value  to  its  action  in  the  soil.  When  manure 
is  applied  fresh,  the  organic  matter  is  gradually  decomposed 
in  the  soil  and  its  decomposition  products  tend  to  make 


FARM  manure:  care^  value  and  use  329 

available  some  of  the  insoluble  plant-food  constituents 
in  those  portions  of  the  soil  that  come  into  contact  with 
the  fermenting  substance  and  its  products.  In  well- 
rotted  manure,  the  organic  matter  is  largely  decom- 
posed already.  In  addition  to  the  value  of  its  plant-food 
constituents,  stable  manure  has,  therefore,  special  value 
in  maintaining  the  soil's  supply  of  organic  matter  with 
all  the  attendant  results  in  relation  to  improving  soil 
texture,  water-holding  power,  warmth,  resistance  to 
eflfects  of  wind,  etc.  (p.  134). 

As  a  promoter  of  useful  organisms. — Farm  manures 
favorably  influence  the  germ  life  of  soils.  Organisms  are 
thus  furnished  the  soil  which  can  convert  organic  nitrogen 
into  ammonia  and  others  to  change  ammonia  into  nitrate 
nitrogen,  while  still  others  are  added  which  decompose  car- 
bohydrate materials  like  cellulose.  Manures  also  supply  food 
material  for  the  various  organisms  that  are  desirable  in  soils. 

As  a  promoter  of  crop  growth. — Numerous  experi- 
ments, in  which  the  use  of  stable  manure  and  commercial 
fertilizers  has  been  compared,  have  shown  beyond  question 
that  the  plant-food  in  properly  handled  manure  has,  in  the 
long  run,  a  crop-growing  value  quite  equal  to  the  same 
amount  of  plant-food  in  the  form  of  commercial  fertilizers, 
while  the  organic  matter  of  farm  manure  gives  it  a  decided 
advantage  in  the  many  cases  where  organic  matter  is  defi- 
cient in  soils.  The  crop-growing  ability  of  most  soils  may 
be  maintained  indefinitely  by  the  exclusive  and  abundant  use 
of  stable  manure;  but  whether  this  is  the  most  economical 
source  of  plant-food  depends  upon  special  conditions,  which 
must  be  taken  into  consideration  by  each  individual  farmer. 

Long-continued  effects  of  stable  manure. — A  generous 
application  (20  tons)  of  good  stable  manure  shows  a  favor- 
able influence  on  crops  for  several  years  following.  Even 
more  striking  results  in  showing  long-continued  effects  have 
been  obtained  by  abundant  applications  of  manure  for  several 
years  in  succession  and  then  discontinuing  or  largely  reduc- 
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ing  the  amount  applied.  The  lasting  effect  of  farm  manures 
is  due,  in  part,  to  the  fact  that  some  of  its  plant-food  constit- 
uents become  soluble  only  slowly  and,  in  part,  to  the  fact 
that  some  of  the  organic  matter  furnished  may  remain  for 
several  years  and  aid  in  gradually  making  available  some  of 
the  insoluble  plant-food  in  the  soil. 

Stable  manure  and  conservation  of  fertility. — When  it 
Is  kept  in  mind  that  about  80  per  cent,  of  the  plant-food 
constituents  of  the  food  of  animals  can  be  found  in  the 
manure,  it  is  readily  appreciated  that  the  crops  raised  on  a 
farm  and  fed  to  the  animals  belonging  to  the  same  farm  do 
not  constitute  such  an  exhausting  drain  on  fertility  as  when 
crops  are  removed  from  the  farm.  The  loss  of  plant-food  in 
the  feeding  of  animals  and  in  caring  for  the  manure  falls 
most  heavily  on  the  nitrogen  compounds,  which  can  be 
readily  and  inexpensively  replaced  by  means  of  leguminous 
crops  (p.  536),  or  by  purchase  of  foods  high  in  nitrogen  to 
be  fed  on  the  farm. 

Commercial  and  agricultural  value, — ^The  value  of  a 
ton  of  farm  manure  expressed  in  dollars  and  cents  has  been 
the  subject  of  much  discussion.  From  our  knowledge  of 
the  extensive  variations  found  in  the  composition  of  manure, 
it  is  obvious  that,  even  when  we  know  the  amounts  of  plant- 
food  constituents  present,  we  are  far  from  being  able  to 
place  a  precise  value  upon  the  manure  which  shall  express  its 
agricultural  value,  that  is,  what  it  is  worth  to  the  farmer 
in  the  growing  of  crops.  Commercial  values  assigned  to 
manures  are  based  upon  the  total  amounts  of  plant-food 
contained  and  do  not  generally  take  into  consideration  the 
availability  of  the  plant- food  constituents  or  the  agricultural 
value  of  the  organic  matter  present.  These  factors  depend 
so  mu(;h  for  their  value  to  the  farmer  upon  the  kinds  of 
crops  grown,  the  condition  of  his  soil,  etc.,  that  it  varies 
according  to  the  circumstances  of  each  case.  On  page  295 
we  have  given  conservative  commercial  estimates  of  value 
based  on  the  plant-food  constituents  of  fresh  manures.    In 
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general,  it  should  be  true  that  the  agricultural  value  is  some- 
what greater  than  is  expressed  in  a  statement  based  solely 
on  plant-food  constituents,  since  organic  matter  has  some 
value.  In  regard  to  stable  manure,  the  composition  and 
history  of  which  we  have  no  means  of  knowing,  any  estimate 
of  value  nearer  than  25  or  50  per  cent  must  be  regarded 
largely  as  guesswork. 

Unbalanced  character  of  farm  manure. — Before  leaving 
our  discussion  of  the  fertilizing  value  of  farm  manure,  we 
will  consider  in  more  detail  a  point  to  which  we  have  inci- 
dentally referred  elsewhere;  namely,  its  pronounced  effect 
as  a  nitrogenous  plant-food.  Farm  manure  in  generous 
amounts,  especially  when  used  fresh,  generally  stimulates 
the  growth  of  stems  and  leaves  in  a  marked  way,  a  condition 
characteristic  of  a  high  proportion  of  available  nitrogen 
relative  to  available  phosphorus  and  potassium.  Under 
ordinary  conditions,  farm  manure  is  regarded  as  a  nitrogen- 
ous plant-food  and  as  unbalanced  with  reference  to  the  needs 
of  most  crops,  relatively  lacking  in  available  phosphorus  and 
potassium.  This  behavior  of  fresh  manure  of  good  quality 
is  explained  in  large  part  when  we  consider  that  much  of 
its  nitrogen  is  in  the  form  of  ammonia,  or  soon  becomes  so, 
and  under  favorable  soil  conditions  this  is  rapidly  changed 
into  nitrate,  thus  providing  relatively  large  amounts  of 
nitrate  nitrogen  long  before  the  phosphorus,  most  of  which 
is  present  >in  slowly  available  condition,  becomes  useful  to 
plants.  When  we  take  into  consideration  the  relatively  small 
amounts  of  available  phosphorus  in  most  soils,  this  condition 
aids  also  in  explaining  why  fresh  manure  so  often  acts  as 
a  one-sided,  highly  nitrogenous  fertilizer  when  it  is  applied 
in  large  amounts.  The  question  will  naturally  arise  as  to 
why  well-decomposed  manure  does  not  produce  the  effects 
of  overfeeding  with  nitrogen  as  much  as,  or  even  more  than, 
fresh  manure.  We  have  been  in  the  habit  of  thinking  of 
well-decomposed  manure  as  containing  much  nitrate  nitro- 
gen; as  a  matter  of  fact,  its  nitrogen  is  apt  to  be,  on  the 
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whole,  more  largely  in  forms  that  are  much  less  quicldy 
available  than  the  nitrogen  in  urine  contained  in  fresh 
manure.  We  have  already  pointed  out  the  fact  (p.  310) 
that,  during  the  process  of  decomposition  that  goes  on  in  a 
manure  pile,  bacteria  are  using  large  amounts  of  available 
nitrogen  for  their  own  food  and  are  storing  it  away  in  their 
own  body  substance  as  insoluble  protein,  which  becomes 
available  only  when  the  bacteria  die  and  undergo  decompo- 
sition. It  is  for  this  reason  that  we  are  not  apt  to  find  large 
amounts  of  nitrate  nitrogen  in  well-decomposed  farm 
manure,  and  that  its  nitrogen,  on  the  whole,  is  much  less 
quickly  available  than  the  urinary  nitrogen  of  fresh  manures. 
However,  the  case  is  somewhat  different  with  available 
phosphorus  and  potassium,  which  are  present  in  well- 
decomposed  manure  in  larger  amounts  than  in  fresh  manure. 
For  these  reasons,  welMecomposed  manure  is  to  be  regarded 
as  more  nearly  approaching  what  we  call  a  balanced  com- 
bination of  plant-foods  than  does  fresh  manure. 

METHODS  OF  USING  FARM  MANURE 

The  effectiveness  of  farm  manure  as  a  fertilizer  depends 
upon  a  number  of  conditions.  No  fixed  rules  for  its  greatest 
efficiency  can  be  given  which  will  apply  uniformly  under  all 
circumstances.  We  can,  however,  state  certain  known  facts 
and  leave  their  application  in  specific  cases  to  the  individual 
farmer,  who  must  adapt  his  practice  to  the  particular  con- 
ditions under  which  he  is  working.  Among  the  points  of 
greatest  practical  importance  wc  will  call  attention  to  the 
following:  (i)  Advantages  and  disadvantages  of  use  of 
fresh  manure,  (2)  use  of  decomposed  manure,  (3)  kind 
of  soil,  (4)  kind  of  crops,  (5)  amounts  to  use,  (6) 
methods  of  distribution,  (7)  when  to  apply,  (8)  depth 
to  cover,  (9)  effective  methods  of  general  use. 

Advantages  of  use  of  fresh  manure. — Among  the  ad- 
vantages of  applying  farm  manures  to  the  soil  in  as  fresh 
condition  as  possible  the  following  are  prominent : 
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(i)  Plant-food  utilized. — ^Under  most  conditions,  tne 
application  of  manure  when  fresh  utilizes  the  largest  amount 
of  plant-food.  Losses  of  plant-food  through  leaching  or 
destructive  forms  of  decomposition  are  prevented.  When 
used  as  a  top-dressing,  the  portions  leached  by  rain  go 
directly  into  the  soil ;  or,  in  case  of  no  rain,  the  manure  may 
dry  with  little  loss  from  rapid  decomposition.  Mixed  with 
the  soil,  fresh  manure  decomposes  readily  in  warm  or  mild 
weather,  its  constituents  being  made  gradually  available  as 
plant-food  without  risk  of  loss  of  nitrogen  in  the  form  of 
ammonia,  except  in  some  cases  of  light,  porous  soijs  exposed 
to  high  temperature. 

(2)  Plant-food  of  soil  made  available. — Not  only  are  the 
plant-food  constituents  of  farm  manure,  when  applied  fresh 
to  soil,  made  more  available,  but  the  insoluble  plant-food 
compounds  of  the  soil  itself  are  made  more  soluble  wherever 
the  decomposing  manure  comes  into  contact  with  the  soil 
particles. 

(3)  Desirable  organisms  supplied, — Fresh  manure  con- 
tains various  kinds  of  organisms  which  are  effective  in  caus- 
ing desirable  chemical  changes  in  the  organic  matter  of  the 
soil,  and  which  the  manure  carries  to  the  soil. 

(4)  Lightening  heavy  soils. — Fresh  manure  is  most  effi- 
cient for  improving  the  texture  of  heavy  clay  soils,  since  it 
contains  the  organic  matter  that  is  utilized  in  the  soil  with 
all  the  consequent  benefits  (p.  134). 

(5)  Prolonged  effects. — The  plant- food  constituents  in 
fresh  manure  include  both  those  that  are  quickly  available 
and  those  that  are  slowly  available.  The  soluble  portions 
are  immediately  available  or  soon  become  so  in  the  soil; 
the  insoluble  portions  become  available  gradually,  furnish- 
ing plant-food  supplies  continuously,  not  alone  during  one 
growing  season,  but  through  several. 

(6)  Favors  growth  of  foliage. — Fresh  manure  used  alone 
and  in  large  amounts  (p.  331)  favors  vigorous  growth  of 
stems  and  leaves.    It  is,  therefore,  useful  in  the  case  of 


THE  El-fECT  OF  FRESH   AND  WELL-ROTTED   MANURE  ON   SAND 
AND  CLAY   SOILS 

(35)  Clay  soil  with  fresh  manure.  (28)  Clay  soil  with  well-rotted 
manure.  (37)  H  day  and  'A  sand  with  fresh  manure.  (28)  H  clay 
and  'A  sand  with  well-rotted  manure.  (2!))  l4  clay  and  '/a  sand  with 
fresh  manure.     (SO)  Vi  clay  and  '/i  sand  with  well-rotted  tnanure. 

(7)  'A  clay  and  H  sand  with  fresh  manure.  (8)  'A  c'ar  and  Jj 
Mnd  with  well-r..((cd  mninire.  (!»  Sand  wilh  fresf  manure,  (loi 
Sand  with  wcll-rutlcd  manure,     \ikci.vh  ST.^TiyN. 
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many  crops  that  furnish  as  their  marketable  product  the 
stems  and  leaves,  which  are  especially  dependent  upon  rapid 
growth  of  foliage. 

Disadvantages  of  use  of  fresh  manure.— The  principal 
disadvanta|;es  that  may  attend  the  use  of  fresh  farm  manures 
under  certain  conditions  are  the  following: 

( 1 )  Unfavorable  effects  on  soil, — Excessive  application  of 
fresh  stable  manure,  especially  on  light,  porous  soils  during 
hot,  dry  seasons,  may  either  not  ferment  at  all  or  may  fer- 
ment  too  rapidly  according  to  special  conditions.  If  the 
manure  contains  large  amounts  of  coarse  vegetable  matter 
from  bedding,  which  persistently  resists  decay,  a  condition 
common  in  leached  manure,  the  soil  may  be  made  so  loose 
and  open  that  the  manure  and  soil  both  lose  moisture  to  such 
an  extent  that  decomposition  of  the  manure  will  stop  and 
the  soil  will  be  left  in  a  condition  unsuited  to  crops.  On  the 
other  hand,  if  the  soil  contains  enough  moisture  to  favor 
decomposition,  the  action  will  take  place  so  rapidly  under 
the  conditions  of  air  supply  and  temperature  that  the  soil 
will  be  heated  and  dried  out  to  such  an  extent  that  it  is 
left  with  greatly  diminished  water-holding  power,  owing 
to  increased  openness;  the  coarser  the  manure,  the 
worse  the  injurious  effect  on  the  soil. 

(2)  Unfavorable  effect  on  crops. — Under  the  conditions 
described  in  the  latter  portion  of  the  preceding  paragraph, 
when  fresh  manure  containing  abundance  of  urine  is  applied 
to  light,  open  soils  and  undergoes  extremely  rapid  decompo- 
sition, direct  injury  may  be  done  to  crops,  known  as  "burn- 
ing out."  This  results  from  the  very  rapid  fermentation 
of  urinary  nitrogen  in  the  presence  of  a  large  air  supply 
and  high  temperature,  producing  quickly  large  amounts  of 
ammonium  carbonate  and  its  nitric  acid  compounds,  which 
become  so  concentrated  by  the  rapid  evaporation  of  water 
as  to  "burn"  plants  (p.  167),  causing  wilting  and  death. 
When  the  soil  solution  becomes  so  concentrated  that  it  con- 
tains one  part  of  soluble  compounds,  especially  such  as 
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and  nitrate,  in  atx>iit  400  parts  of  water,  it  is  liable 
to  damage  tender  rootlets.  When  applied  as  a  mulch 
about  young  plants,  fresh  manure  may  give  off  cnougli 
ammonia  to  injure  foliage. 

(3)  Carrier  of  weed  seeds  and  disease  gvrms. — Fresh 
manure  may  carry  to  a  soil  weed  seeds  and  germs  of  plant 
diseases.  This  disadvantage  is  usually  overcome  by  making 
application  of  such  manure  to  crops  which  are  not  affected 


Piles  of  manure  were  allowed  to  decompose  after  weed  seeds  were 
placed  in  them.  After  6  months,  the  seeds  failed  to  germinate  when 
planted;  they  were  found  soft  and  well  rotted.    Maryland  Station. 

by  the  disease  germs  present  or  which  are  least  troubled  by 
weed  seeds  or  which  furnish  an  opportunity  for  destroying 
the  weeds. 

(4)  Not  adapted  to  certain  crops. — Direct  applications  of 
fresh  manure,  especially  in  large  amounts  and  on  any  but 
heavy  soils,  are  undesirable  for  cereal  and  some  other 
crops,  since  the  quickly  available  nitrogen  furnished  by 
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the  urinaty  nitrogen  of  fresh  inanure  may  injure  the  crop 
by  causing  too  rank  a  growth  of  stems  and  leaves  to  the 
detriment  of  the  quality  or  quantity  of  the  marketable  part 
of  the  crop. 

Advantages  of  use  oi  decomposed  manure. — We  have 
already  called  attention  to  the  principal  differences  be- 
tween fresh  and  partially  fermented  manure  in  respect 
to  chemical  composition  and  physical  characteristics. 
Generally  speaking,  the  phosphorus  and  potassium  in 
partially  decomposed  manure  are  available  to  a  larger 
extent  than  in  fresh  manure  and  are  present  in  some- 
what higher  percentages.  The  nitrogen  as  a  whole  is 
in  a  somewhat  less  available  condition.  Such  manure 
possesses  some  obvious  advantages,  among  which  we 
mention  the  following: 

(i)  More  even  action. — Whenever  action  of  plant-foods 
is  desired  calling  for  available  nitrogen  in  moderate  amounts 
and  for  readily  available  phosphorus  and  potassium,  rather 
than  for  the  action  of  quickly  available  nitrogen  in  relatively 
*  large  amounts,  partially  decomposed  manure  is  well  adapted 
to  meet  such  needs.  Instead  of  being  a  highly  nitrogenous 
fertilizer  in  its  effects,  partially  decomposed  manure  may 
properly  be  regarded  as  a  more  evenly  balanced  combination 
of  plant-foods. 

(2)  Advantage  on  light  soils, — Decomposed  manures  are 
useful  for  furnishing  organic  matter  to  light  soils  to  improve 
^heir  mechanical  condition  without  risk  of  producing 
increased  openness  and  consequent  "burning  out,"  which 
may  result  from  the  use  of  fresh  manure.  The  decomposed 
organic  matter  in  old  manure  increases  the  water-holding 
power  of  light  soils. 

(3)  Convenience  in  handling, — ^Decomposed  manure 
being  more  concentrated  than  fresh  is  less  bulky  for  the 
same  amount  of  plant-food  and  in  this  respect  offers  some 
advantage  in  convenience  of  handling. 

(4)  Desirable     micro-organisms     suppHed.-^Fenatnt^ 
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manures  supply  to  soils  beneficial  organisms  and  also  aid  in 
making  conditions  favorable  for  increased  activity  of  some 
desirable  soil  organisms. 

(5)  Decomposition  of  weed  seeds. — When  manure  under- 
goes decomposition,  the  weed  seeds  are,  in  large  part, 
rendered  harmless,  their  power  of  germination  being 
destroyed. 

Kind  of  soil  in  relation  to  use  of  manure. — Generally 
speaking,  farm  manure,  whether  fresh  or  partly  decomposed, 
can  be  used  to  advantage  on  soils  that  are  deficient  in  organic 
matter.  When  it  is  desirable  to  introduce  well-decomposed 
organic  matter  into  the  soil  at  once,  decomposed  manure  can 
be  used  on  any  soil.  When  it  is  desired  to  have  the  decom- 
position of  organic  matter  take  place  in  the  soil  for  the 
double  purpose  of  making  insoluble  plant-food  in  the  soil 
available  and  leaving  a  residue  of  humus  in  the  soil,  then 
fresh  manure  is  preferable,  especially  on  clayey  soils.  Fresh 
.manure  must  be  used  with  caution  and  preferably  in  com- 
paratively small  applications  at  one  time  on  light,  open  soils, 
especially  when  there  is  liability  of  hot,  dry  weather  (p.  121). 

In  relation  to  plant-food  action,  fresh,  manure  is  safer 
on  heavy  than  on  light  soils,  especially  in  large  applications. 

Kind  of  crops  in  relation  to  manure. — Farm  manure, 
while  beneficial  for  the  growth  of  practically  all  common 
farm  crops,  requires  for  best  results  the  observance  of  cer- 
tain precautions  in  their  use,  especially  with  a  few  special 
crops.  "We  will  briefly  consider  some  of  the  crops  which 
respond  most  favorably  to  the  use  of  manures,  and  some 
which  may  be  injuriously  affected  unless  manure  is  used 
judiciously  with  reference  to  the  individual  peculiarities 
of  the  crops  in  question. 

It  may  be  stated,  in  a  preliminary  way,  that  in  all  cases 
where  the  direct  application  of  stable  manure  may  do  harm 
to  the  crop  on  account  of  the  quickly  available  urinary 
nitrogen,  the  undesirable  effects  can  be  avoided  by  making  a 
generous  application  of  the  manure  to  a  suitable  crop  preced- 
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ing  the  one  which  is  more  sensitive.  The  first  crop  profits  by 
the  direct  application,  while  the  unused  residue  is  left  for 
the  sensitive  crop,  as  will  be  illustrated  later.  Another 
method  is  to  apply  the  manure  to  the  soil  in  the  fall  previous 
to  growing  the  sensitive  crop  in  the  spring  following.  Still 
another  method  of  overcoming  the  one-sided  nitrogenous 
feeding  eflFect  of  the  urinary  nitrogen  of  fresh  manure  is 
to  apply  generous  amounts  of  acid  phosphate  and  potassium 
chloride  or  sulphate. 

(i)  Grass-lands  are  generally  much  benefited  by  top 
dressing  with  farm  manure,  either  fresh  or  fermented.    The 
manure  serves,  in  addition  to  furnishing  plant-food,  to  form 
a  mulch,  often  favoring  somewhat  earlier  growth. 

(2)  Root  crops  usually  respond  most  satisfactorily  to 
generous  applications  of  stable  manure.  However,  some  pre- 
cautions in  its  use  must  be  observed  in  the  case  of  sugar* 
beets  and  potatoes.  The  use  of  excessive  amounts  of  fresh 
farm  manure,  especially  on  light  soils  and  loams,  may  cause 
beets  to  grow  very  large  but  with  a  low  percentage  of  sugar ; 
but  on  clay  soils  fairly  large  amounts  (20  tons)  of  partiallv 
rotted  manure  may  be  used  directly  without  harm.  In  case 
of  potatoes,  direct  use  of  stable  manure  causes  scab,  and 
excessive  amounts  of  fresh  manure  produce  overgrowth  of 
tops  at  the  expense  of  the  yield  of  tubers. 

(3)  Corn,  millet  and  leafy  crops,  in  general,  which  pro- 
duce large  amounts  of  foliage  and  stems,  utilize  to  advantage 
generous  amounts  of  stable  manure  when  directly  applied, 
whether  fresh  or  rotted. 

(4)  Cereals  are  injured  by  large  direct  applications  of 
fresh  manure,  the  straw  growing  very  large  at  the  expense 
of  the  grain  and  lodging  easily.  Wheat  and  barley  are  par- 
ticularly sensitive  in  this  respect 

(5)  Tobacco,  when  directly  treated  with  large  amounts 
of  stable  manure,  produces  large  leaves  of  coarse  texture 
and  poor  quality  for  use. 

(6)  Flax  may  also  be  unfavorably  affected  in  quality 
hy  direct  application  of  too  much  farm  manure. 
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(7)  Garden  crops  in  general  respond  very  satisfactorily 
to  generous  applications  of  manure. 

(8)  Young  trees,  shrubbery,  rose-bushes,  etc.,  are 
greatly  benefited  by  applications  of  stable  manure,  moderate 
in  case  of  fresh  manure,  generous  in  case  of  well-rotted, 

(9)  As  a  mulch  in  connection  with  any  growing  plant, 
good  stable  manure  is  extremely  effective  and  useful.  Rotted 
manure  is,  of  course,  superior  to  fresh  manure  for  mulch- 
ing purposes  on  account  of  its  greater  water-holding  power. 
Moreover,  fresh  manure,  rich  in  urinary  ammonia,  when 
applied  as  a  mulch  about  green  plants,  may  injure  the 
foliage,  especially  in  warm  weather.  The  ammonia  vol- 
atilizes and  burns  the  foliage. 


7,420  lbs.  hay  4,350  lbs.  hay  S.S30  lbs.  hajr 

per  acre  per  acre  per  acre 

EFFECT  OF  FARM  MANURE  ON  TIMOTHY  MEADOW.    HEW  VOIK 
(CORNELL  UNIV.)    STATION 

Amount  of  farm  manure  to  use, — No  statement  can  be 
made  to  meet  all  conditions  in  respect  to  the  amouit  of 
stable  manure  to  use  in  the  growing  of  crops.  Obviously 
it  will  depend  upon  a  variety  of  conditions,  such  as  the 
phj'sical  character  of  the  soil,  the  amount  of  available  plant- 
food  in  the  soil,  the  condition  and  composition  of  the  manure, 
the  kind  of  crop,  the  frequency  of  application,  etc.  In  gen- 
eral, 5  tons  an  acre  may  be  regarded  as  a  light  application ; 
10  tons,  moderate;  20  tons  or  more,  heavy.  It  should  be 
kept  in  mind  that  the  larger  amoimts  are  better  utilized 
when  the  soil  is  kept  well  supplied  with  calcium  carbonate. 
lu  some  cases,  as  on  ei'ass-Iands.  or  where  tnanUFe  is  used 
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in  the  first  part  of  a  well-planned  rotation,  large  amounts 
are  applied  once  in  4  or  5  years.  Generally  speaking,  the 
most  economical  results  are  obtained  by  making  smaller 
applications  at  more  frequent  intervals.  The  frequent  use 
of  light  applications  keeps  the  soil  in  a  more  uniform  con- 
dition of  fertility,  and  the  nitrogen  is  utilized  more  com- 
pletely, with  less  risk  of  loss  by  leaching  from  the  soil. 

In  this  connection  one  should  take  into  consideration  the 
amount  of  plant-food  contained  in  manure.  Taking  good 
farm  manure  of  average  composition,  one  ton  contains  about 
10  pounds  of  nitrogen,  5  pounds  of  phosphoric  acid  and  10 
poimds  of  potash.  On  this  basis  we  can  prepare  the  follow- 
ing tabulated  statement : 

Table  37 — ^Amount  of  Plant-Food  in  Stable  Manure 


5  tons 

10  tons 

15  tons 

20  tons 

Nitrogen 

Pounds 
50 

25  (IIP) 
50  (42K;) 

Pounds 
100 

50  (22P) 
100  (83K) 

Pounds 
150 

75  (33P) 
150  (125K) 

Pounds 
200 

Phosphoric  acid  . . . 
Potash 

100  (44P) 
200  (166K) 

P,  phosphorus.        K,  potassium. 

In  applying  5  tons  of  good  farm  manure  to  an  acre  of 
ground,  6ne  is  putting  on  the  same  number  of  pounds  of 
nitrogen  that  is  contained  in  300  pounds  of  sodium  nitrate, 
or  in  1,000  pounds  of  fertilizer  containing  5  per  cent,  of 
nitrogen;  the  same  number  of  pounds  of  phosphorus  that 
is  contained  in  200  poimds  of  acid  phosphate,  or  in  300 
pounds  of  a  fertilizer  containing  8  per  cent,  of  phosphoric 
acid  (3.5  phosphorus)  ;  and  the  same  amoimt  of  potassium 
that  is  contained  in  100  pounds  of  high-grade  potassium 
chloride  or  sulphate,  or  in  400  pounds  of  kainite,  or  in  500 
pounds  of  a  fertilizer  containing  10  per  cent  of  potash 
(8.3  potassium).  When  we  consider  the  application  of  20 
tons  of  manure  an  acre,  we  are  putting  on  very  large 
amounts  of  plant-food  as  compared  with  the  amounts  usu- 
ally applied  in  the  form  of  commercial  fertilizers.     But  a 


FARM  manure:  CARE,  VALUE  AND  USE  343 

mere  statement  of  the  number  of  pounds  of  plant-food 
applied  to  an  acre  in  the  form  of  farm  manure  is  misleading, 
if  we  fail  to  consider  at  the  same  time  the  availability  of  the 
plant-food  thus  applied.  It  is  doubtful  whether,  even  under 
favorable  conditions,  we  can  reasonably  expect  more  than 
one-third  to  one-half  of  the  total  plant-food  in  manure  to 
be  used  by  crops  during  the  first  season  of  application. 
Therefore,  in  considering  the  amounts  of  plant-food  in  the 
form  of  farm  manure  to  supply  crops  during  the  growing 
season,  it  is  usually  safe  to  count  on  using  two  or  three 
times  as  many  pounds  of  nitrogen,  phosphorus  and  potassium 
as  are  used  with  success  in  the  form  of  commercial  fertilizers 
of  the  best  quality  under  similar  conditions  of  soil  and  crop. 

Methods  of  distribution. — In  distributing  farm  manure 
on  fields,  three  methods  are  commonly  employed:  (i)  Dis- 
tributing in  heaps;  (2)  broadcasting  from  wagon;  (3) 
applying  in  hill  or  row  with  seed. 

(i)  Distributing  in  heaps. — By  this  method  manure  is 
distributed  in  heaps,  small  or  large,  over  the  field  and  per- 
mitted to  lie  until  it  is  convenient  to  spread  it,  whether  the 
time  be  weeks  or  months.  This  method,  while  possessing 
the  one  advantage  of  temporary  convenience,  is  open  to 
several  pronounced  objections:  (a)  The  labor  of  handling  is 
increased;  (b)  the  spots  of  ground  under  the  heaps  receive 
the  leachings,  the  quickly  available  part  of  the  manure,  and 
are  thus  differently  fertilized,  -as  shown  by  results  in 
unevenness  of  crops  in  respect  to  growth  and  maturing;  (c) 
the  manure  may  undergo  rapid  fermentation  and  lose  much 
of  its  easily  available  nitrogen.  Storing  manure  in  large 
heaps  on  the  field  is  less  objectionable  in  respect  to  loss  of 
nitrogen,  provided  the  heap  is  kept  moist,  is  well  compacted, 
is  carefully  covered  with  a  thin  layer  of  fine  earth,  is  so 
managed  as  to  prevent  drainage  (p.  305)  and  is  not  allowed 
to  lie  too  long  before  final  distribution  over  the  field.  In 
this  connection  we  will  refer  briefly  to  the  droppings  of  ani- 
mals at  pasture.  If  undisturbed,  uneven  results  of  fertiliza- 
tion are  invariably  produced.    In  order  to  distribute  these 
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heaps  of  excrements  it  is  well  occasionally  to  go  over  the 
field  with  a  drag  or  some  implement  which  will  scatter  the 
droppings  more  uniformly. 

(2)  Applying  broadcast, — Under  this  method  the  manure 
IS  spread  directly  from  a  wagon  over  the  entire  surface  of 
the  field.  The  spreading  is  performed  either  by  hand  or 
by  a  manure-Spreader.  On  farms  where  large  amounts 
of  manure  are  handled,  a  manure-spreader  may  properly 
be  regarded  as  an  economic  necessity,  since  it  distributes 
manure  in  an  ^even  manner,  in  a  marked  degree  saving  time 
and  labor.  Broadcasting  is  preferably  practiced  on  fairly 
level  fields  where  the  manure  is  allowed  to  lie  some  time 
before  plowing.  If  applied  on  steep  hillsides  some  time 
before  covering  there  is  danger  of  leaching  and  washing 
down  the  slope,  especially  when  the  soil  is  frozen.  Sim- 
ilarly, serious  losses  may  be  experienced  in  case  of  fields 
subject  to  flooding.  The  method  of  broadcasting  manure 
directly  from  wagons  has  two  marked  advantages:  (i) 
There  is  economy  of  time  and  labor  in  handling  as  com- 
pared with  distributing  in  heaps  before  broadcasting; 
and  (2)  any  leachings  from  the  manure  before  being 
plowed  under  pass  directly  into  the  soil  in  uniform 
amounts  over  the  field,  so  that  no  unevenness  of  crops 
results  as  in  the  case  of  leachings  from  distribution  in  heaps. 

(3)  Applying  in  hill  or  row. — This  method  is  practiced 
when  it  is  desired  to  have  the  effect  of  the  manure  concen- 
trated where  it  will  benefit  the  growing  plants  most  quickly. 
It  is  especially  applicable  for  forcing  some  kinds  of  garden 
crops.  For  example,  it  is  customary  to  put  a  shovelful  or  so 
of  manure  in  each  hill  in  planting  cucumbers,  melons, 
squashes,  etc.  The  same  amount  of  manure  can  be  made  to 
go  farther  than  when  broadcasted.  Rotted  manure  gives 
excellent  results  when  used  in  this  way. 

When  to  apply  manure. — Farm  manure  can  be  applied 
within  wide  limits  as  to  time,  depending  on  various  condi- 
tions. Generally  speaking,  least  risk  of  loss  of  ammonia 
occurs  when  manure  is  applied  to  soil  only  a  short  time 
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before  plowing.  One  plan  that  has  found  considerable 
favor  is  to  draw  and  distribute  on  the  field  in  a  uniform 
layer  of  any  desired  depth  the  fresh  manure  daily  or  at 
intervals  as  frequent  as  convenience  permits,  care  being 
taken  to  treat  the  manure  in  the  stable  in  some  one  of  the 
ways  already  described  (pp.  316-327).  Direct  distribution 
from  stable  to  field  has  several  pronounced  advantages : 
(i)  It  economizes  time  and  labor  in  handling.  (2)  It 
relieves  the  barn  and  its  vicinity  from  the  presence  of 
accumulating  masses  of  manure.  (3)  It  is  generally 
more  convenient,  especially  during  fall  and  winter,  since 
farmers  have  more  time  then  than  in  the  spring  when  all 
kinds  of  work  are  pressing.  (4)  On  the  whole,  this 
method  brings  to  the  soil  the  largest  amount  of 
plant-food,  since  risk  of  loss  due  to  destructive  fer- 
mentation, leaching,  etc.,  is  avoided.  (5)  The  soluble 
portions  of  manure  are  gradually,  completely  and  uniformly 
mixed  with  the  soil.  (6)  The  amoimt  of  nitrogen  lost  in 
the  form  of  ammonia  is  small  if  the  manure  has  been  prop- 
erly treated  in  the  stable.  Some  experiments  indicate 
that  manure  spread  in  thin  layers  over  the  surface  of 
fields  loses  very  little  nitrogen  either  in  the  form  of 
ammonia  or  of  free  nitrogen,  provided  it  is  not  in  a  state 
of  fermentation  so  active  as  to  contain  much  ammonia 
when  applied.  In  dry  weather  the  manure  quickly  dries  and 
fermentation  stops ;  in  wet  weather  the  soluble  portions  are 
washed  into  the  soil  beyond  danger  of  loss  by  escape  into 
the  air.  There  is,  however,  one  distinct  disadvantage  in 
allowing  manure  to  lie  on  the  surface  of  the  soil  until  its 
soluble  nitrogen  compounds  have  been  largely  dissolved  and 
removed  even  though  not  lost  to  the  soil.  The  soluble  nitro- 
gen compounds,  as  contained  in  fresh  manure,  are  essential 
factors  in  the  fermentation  of  the  insoluble  constituents  of 
manure,  and  when  they  are  once  separated,  as  in  leaching, 
the  insoluble  portion  of  the  manure  does  not  ferment  as 
readily  in  the  soil.    On  this  account  it  is  desirable,  cspe- 
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ciaUy  in  case  of  light,  porous  soils,  not  to  allow  the  manure 
to  He  on  the  surface  long,  but  to  apply  only  a  short  time 
before  being  plowed  in.  It  is  possible  also  on  light  soils 
which  leach  easily  that  some  small  amount  of  the  nitro- 
gen may  be  lost  to  the  soil  by  drainage  if  the  manure 
is  spread  on  the  soil  some  months  before  it  is  plowed  in 
for  the  use  of  crops.  In  the  case  of  fields  subject  to 
flooding  and  of  steep  hillsides,  the  manure  is  best  applied 
just  before  plowing. 

Depth  to  cover  manure  in  soil. — In  heavy  soils  manure 
should  be  plowed  under  about  4  inches;  if  covered  too 
deep  in  such  soils,  decomposition  is  delayed  or  prevented 
by  exclusion  of  air.  In  light,  porous  soils  the  manure  may 
be  covered  more  deeply.  Generally  speaking,  well-rotted 
fine  manure  gives  best  results  near  the  surface,  while 
coarse  manure  gives  better  results  more  deeply  covered. 

Effective  methods  of  using  farm  manure. — Among  the 
best  methods  of  utilizing  farm  manure  in  feeding  crops  and 
making  soil  conditions  favorable  to  plant  growth,  we  call 
attention  briefly  to  the  following : 

(i)  Use  in  rotations  with  commercial  fertilisers. — Farm 
manure  is  often  used  with  advantage  applied  directly  to  the 
crop  in  a  rotation  that  utilizes  it  to  best  advantage ;  with  the 
succeeding  crops  of  the  rotatioh  commercial  fertilizers  are 
used  to  supplement  the  plant-food  needs  according  to  the 
indications  of  experience.  For  example,  farm  manure  is 
often  applied  directly  for  a  corn  crop,  which  is  followed  by 
wheat  or  any  crop  that  might  be  injured  by  direct  use  of 
farm  manure  (p.  337)  and  for  which  an  application  of 
quickly  available  commercial  fertilizer  is  used.  Farm 
manure  is  generally  used  once  in  large  application  in  3 
to  5-year  rotations,  and  commercial  fertilizer,  in  some 
form,  is  applied  during  the  intervening  period. 

(2)  Fortifying  farm  manure  with  concentrated  plants 
food  materials, — ^The  manure  is  treated  in  the  stable  or  in 
the  pile  immediately  after  removal  from  stable  with  some 
such  material  as   fine-ground   rock-phosphate    ("floats"). 
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bone-flour,  acid  phosphate,  potassium  sahs,  especially  kainite, 
etc.  (p.  316).  This  treatment  increases  the  amount  of 
phosphorus  or  potassium  or  both  and,  properly  regulated, 
has  the  effect  of  making  the  proportions  of  plant-food  con- 
stituents of  the  treated  manure  more  nearly  like  those 
present  in  commercial  fertilizers  that  are  used  with  success. 


Manure  versus  manure  with  rock-phosphate.  The  use  of  rock- 
phosphate  in  addition  to  farm  manure  increased  yield  47  per 
cent    Wisconsin  Station. 

(3)  Farm  manure  and  calcium  carbonate. — ^The  action 
of  farm  manure  is  made  more  effective  by  keeping  the  soil 
well  supplied  with  calcium  carbonate.  The  application  of 
manure  to  a  "sour"  soil  increases  rather  than  remedies  the 
condition;  with  insufficient  calcium  carbonate  in  soils,  there 
is  loss  of  time  and  material  in  applying  stable  manure. 

Farm  manure  an  important  farm  by-product. — In  clos- 
ing our  discussion  of  farm  manure,  we  cannot  do  better  than 
emphasize  its  value.  /(  should  be  regarded  as  one  of  the 
most  valuable  by-products  of  the  farm.  As  such,  it  should 
receive  the  care  that  will  enable  the  farmer  to  realize  its 
highest  efficiency  in  the  growing  of  crops. 


CHAPTER  XIX 
GREEN-CROP  MANURES 

Green-crop  manures  or  green-manures  are  crops  grown 
for  the  purpose  of  being  plowed  under  and  thus  making 
soil  conditions  more  favorable  for  the  growth  of  suc- 
ceeding crops.  They  are  known  as  cover-crops  when 
following  other  regular  crops,  occupying  the  ground  only 
part  of  the  growing  season,  or  when  used  in  orchards, 
the  object  being,  in  part,  to  protect  the  soil  during  the 
latter  part  of  summer  and  over  winter,  and,  in  part,  to 
furnish  organic  matter  for  the  soil.  The  plowing  under 
of  sod  and  of  stubble  and  roots  is  a  form  of  green-crop 
manuring. 

The  beneficial  effects  of  green-crop  manures  were  ob- 
served long  before  it  was  known  in  what  particular 
ways  they  acted  to  produce  better  crops  and  numerous 
experiments  have  served  only  to  confirm  and  emphasize 
as  well  as  explain  more  fully  the  fact  that  green-crop 
manures  favorably  affect  succeeding  crops.  The  subject 
will  be  treated  under  the  following  divisions : 

1.  Effects. 

2.  Different  crops  used. 

3.  Conditions  and  methods  of  use. 

EFFECTS  OF  GREEN-CROP  MANURES 

The  beneficial  effects  obtained  by  the  use  of  green-crop 
manures  are  briefly  summarized  under  the  following 
heads:  (i)  Organic  matter,  (2)  conservation  of  soluble 
plant- food,  (3)  addition  of  nitrogen,  (4)  transfer  of 
plant-food  from  subsoil  to  surface,  (5)  concentration  of 
plant-food,   (6)  effect  on  bacterial  life  in  soil,   (7)    in- 
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crease  of  available  plant-food,  (8)  improvement  of  subsoil, 
(9)  relation  to  surface  of  soil,  (10)  effect  on  growth  of 
orchard  trees. 

A  few  of  the  crops  used  as  green-manures  are  able  to 
produce  all  of  these  effects;  all  are  able  to  furnish  ma- 
terial for  humus,  to  diminish  the  loss  of  soluble  plant- 
food  and  to  influence  the  surface  by  their  presence  while 
growing,  while  many,  in  addition,  increase  the  actual 
supply  of  soil  nitrogen. 

Organic  matter. — ^The  most  extensive  action  of  any 
green-crop  manure  is  the  furnishing  of  a  supply  of 
organic  matter,  the  amount  varying  according  to  the 
crop  and  the  extent  of  growth.  The  usual  range  of 
yield  of  green  vegetable  matter,  including  roots,  may  be 
placed  between  5  and  10  tons  an  acre,  though  higher  and 
lower  yields  may  occur;  this  consists  approximately  of 
I  to  2  tons  of  dry  matter,  and  4  to  8  tons  of  water.  There 
is  no  way  in  which  such  large  amounts  of  organic  matter 
can  be  added  to  the  soil  so  cheaply  under  agricultural 
conditions  commonly  prevailing.  The  decomposition  of 
the  vegetable  matter  is  attended  by  all  the  beneficial 
effects  characteristic  of  this  important  soil  constituent 
(p.  134).  The  roots  are  first  to  decompose,  then  the 
more  succulent  portions  of  the  green  tops  and  finally 
the  more  woody  parts. 

Conservation  of  soluble  plant-food. — On  land  that  is 
not  occupied  with  crops  for  a  considerable  length  of 
time,  as  in  case  of  land  lying  fallow  after  the  removal 
of  a  crop  during  summer  or  early  fall,  there  is  danger 
of  loss  of  nitrate  nitrogen  in  one  or  both  of  two  ways: 
(i)  Nitrates  are  easily  lost  in  drainage  water  and  (2) 
under  some  conditions  they  are  decomposed  into  free 
nitrogen  (p.  210).  Experiments  have  fully  established 
the  fact  that  when  the  soil  is  occupied  by  a  crop,  the 
soluble  plant-food  goes  into  drainage  water  in  much 
smaller  amounts,  if  at  all,  but  is  taken  into  the  plants 
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and  becomes  a  part  of  the  crop  growth.  Moreover,  un- 
der such  conditions,  nitrate  nitrogen  is  in  little  danger  of 
being  lost  as  free  nitrogen.  The  soluble  plant-food  is 
transferred  into  the  crop,  in  which  form  there  is  little 
danger  of  loss  under  ordinary  conditions.  Crops  having 
extensive  root  systems  are  especially  efficient  in  thus 
collecting,  concentrating  and  holding  plant-food.  Nitro- 
gen as  nitrate  may  be  lost  annually  to  the  extent  of  40 
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pounds  an  acre  on  fallow  ground.  The  losses  are  great- 
est on  light  soils.  During  the  warm  summer  months, 
especially  July  and  .August,  when  nitrification  is  taking 
place  most  rapidly  in  the  soil,  nitrate  nitrogen  is  lost 
more  rapidly  than  at  other  times  of  year,  other  conditions 
being  the  same.  When  wheat  is  grown  continuously  on 
the  same  soil,  without  any  cover-crops  between,  there 
may  be  lost  from  the  soil  4  to  6  pounds  of  nitrogen  for 
each  pound  used  by  the  crop. 
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Addition  of  nitrogen. — Leguminous    crops    used    as 

green-crop  manures  add  to  the  amount  of  nitrogen  in  the 
soil,  owing  to  their  ability  to  use  atmospheric  nitrogen 
in  their  growth  when  their  roots  are  properly  supplied 
with  nodules  (p.  216).  Green  crops  of  this  kind  contain 
50  to  100  pounds  and  more  of  nitrogen  an  acre,  not  in- 
cluding stubble  and  roots,  the  amount  depending  upon 
the  kind,  yield,  maturity,  etc.,  of  crop.  Including  all  the 
vegetable  growth  of  the  crop,  roots  as  well  as  tops,  the 
total  amount  of  nitrogen  usually  runs  from  100  to  over 
150  pounds  an  acre.  Not  all  of  this  nitrogen  is  taken 
from  the  air,  but  a  considerable  portion  is  known  to  be, 
the  exact  amount  varying  according  to  the  crop  and 
conditions  of  growth.  The  nitrogen  compounds  in  the 
vegetable  matter  of  green  crops  undergo  decomposi- 
tion in  the  soil,  with  final  conversion  into  nitrate  nitro- 
gen. 

Concentration  of  plant-food — In  the  case  of  plants 
whose  roots  penetrate  the  subsoil,  nitrogen,  phosphorus 
and  potassium  compounds  are  collected  from  all  parts 
of  the  soil;  and  then  when  the  crop  decomposes  in  the 
upper  layers  of  the  soil,  this  food  is  concentrated  within 
a  more  limited  area  of  the  soil  than  previously.  In  the 
case  of  leguminous  crops,  the  concentration  of  nitrogen 
becomes  greater  than  in  other  cases,  since  we  have  not 
only  the  nitrogen  collected  from  the  subsoil  but  also 
that  taken  from  the  air. 

Increase  of  available  plant-food. — ^The  action  of  grow- 
ing roots  appears  to  be  effective  in  making  some  unavail- 
able plant-food  available  (p.  172),  which  is  taken  into  the 
plant  and,  in  case  of  green-crop  manures,  returned  to 
the  soil  in  forms  that  are  more  available  than  before  use 
by  the  crop. 

Transfer  of  plant-food  from  subsoil. — Crops  with  long 
roots  gather  from  the  subsoil  considerable  amounts  of 
plant-food,  thus  lifting  it  to  the  surface  and  making  it 
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available  for  the  use  of  succeeding  crops.  Alfalfa  is 
famous  for  the  length  of  its  roots,  sending  them  down 
under  favorable  conditions  an}nvhere  from  12  to  30  feet 
or  more. 

Effect  on  bacterial  life  in  soil. — In  soils  left  fallow  for 
a  portion  of  the  year,  as  in  case  of  continuous  wheat 
growing,  bacteria  prevail  which  actively  destroy  humus 
and  set  nitrogen  free.  These  injurious  bacteria  are  found 
to  disappear  for  the  most  part  in  soils  in  which  green 
crops,  and  especially  leguminous  crops,  are  incorporated 
as  a  part  of  a  system  of  crop-rotation.  In  addition,  the 
different  kinds  of  bacteria  that  convert  organic  nitrogen 
into  ammonia  and  nitrate  nitrogen  are  found  to  flourish 
in  the  presence  of  the  organic  matter  furnished  by  green 
crops. 

Improvement  of  subsoil. — ^Those  plants  having  long 
tap-roots  penetrate  the  subsoil  deeply  and  when  the  roots 
decay,  extensive  passageways  are  opened  for  the  percola- 
tion of  water  and  circulation  of  air. 

Relation  to  surface  of  soil. — ^When  used  as  cover-crops 
green  crops  serve  to  protect  the  surface  of  the  soil  from 
washing,  especially  on  hilly  lands,  and,  in  case  of  light 
soils,  from  being  blown  about  by  high  winds.  Green 
crops  on  a  soil  during  winter  hold  drifting  snow,  keep- 
ing the  soil  warmer  and  preventing  injury  to  roots 
caused  by  alternately  freezing  and  thawing.  In  some 
cases  where  the  foliage  is  broad-leaved  and  extensive, 
the  soil  is  shaded  and  protected  from  needless  loss  of 
moisture  by  direct  evaporation. 

Effect  on  growth  of  orchard  trees. — Cover-crops  in 
orchards  compete  with  trees  for  plant-food,  including 
water.  In  the  case  of  soils  containing  nitrate  nitrogen 
in  such  proportions  as  to  cause  the  trees  to  make  a  pro- 
longed, succulent  growth  of  new  wood,  liable  to  injury 
by  freezing  in  winter,  cover-crops  serve  to  use  the  sur- 
plus nitrogen,  checking  the  growth  of  trees  late  in  sum- 
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mer  and  inducing  early  maturity  in  wood  of  firm,  hardy 
character. 

DIFFERENT  CROPS  USED  AS  GREEN-MANURES 

From  the  preceding  statements,  it  is  obvious  that  the 
purposes  of  green-crop  manures  are  most  completely  ful- 
filled by  those  crops  which  have,  in  addition  to  heavy 
foliage  and  deep  roots,  the  power  to  utilize  and  store 
atmospheric  nitrogen.  The  particular  kind  of  crop  used 
as  green-manure  must  depend  upon  the  special  conditions 
present  in  each  case,  such  as  climate,  soil,  kind  of  rota- 
tion, special  objects  in  view,  the  value  of  the  green-crop 
for  forage,  etc. 

The  crops  used  as  green-manures  can  be  conveniently 
divided  into  two  groups:  (i)  The  first  group  includes 
those  plants  which  contain  more  or  less  nitrogen  that  has 
been  obtained  from  the  air,  and  which,  therefore,  when 
incorporated  in  the  soil,  actually  add  nitrogen  to  the 
soil's  previous  supply.  These  are  commonly  known  as 
nitrogen-gatherers  and  those  in  actual  use  belong  to  the 
leguminous  family  of  plants.  (2)  The  second  group 
includes  those  plants,  the  nitrogen  of  which  is  taken  directly 
from  the  soil,  and  which  give  back  to  the  soil  only  the  nitro- 
gen previously  taken  from  it.  These  are  commonly  known 
as  nitrogen-consumers,  and  include  such  crops  as  rye, 
buckwheat,  etc. 

Some  of  the  more  prominent  characteristics  that  ren- 
der individual  crops  suitable  for  green-manures  will  now 
be  briefly  discussed. 

Nitrogen-gathering  or  leguminous  green-crop  manures. 
In  the  United  States  and  Canada  several  leguminous 
crops  are  grown  for  partial  or  complete  use  as  green- 
manures,  among  which  the  following  are  of  most  prac« 
tical  interest :  Red  clover,  alfalfa,  cowpeas,  alsike  clover, 
crimson  clover,  white  clover,  Canada  peas,  soy-beans, 
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peanuts,  vetch,  velvet  beans,  Japan  clover,  swcet-clovcr, 
beggar-weed,  fenugreek,  horse-beans,  field-beans,  lupine, 
sainfoin,  serradella,  and  lentil.  Only  about  one-third  of 
these  have  become  sufficiently  established  in  practical 
use  to  call  for  more  than  mere  mention.  Each  of  these 
crops  can  be  grown  under  best  conditions  only  in  more 
or  less  definitely  limited  areas.  In  the  northern  portions 
of  the  United  States,  red  clover,  mammoth  clover,  alsike 
clover,  field-peas  and  common  vetch  are  most  commonly 
used ;  in  regions  having  a  moderate  to  warm  temperate 
climate,  cowpeas  and  crimson  clover  are  extensively 
grown ;  in  many  parts  of  the  West,  alfalfa,  clovers,  cow* 
peas  and  soy-beans  largely  furnish  green-crop  manures. 
For  details  in  regard  to  the  value  and  cultivation  of 
leguminous  crops  for  green  manure,  see  pages  536-556. 

CONDITIONS  AND  METHODS  OF  USE  OP 
GREEN-CROP  MANURES 

In  addition  to  the  statements  already  made,  there  are 
other  details  that  should  be  briefly  considered  before 
leaving  the  subject  of  green-crop  manures.  Under  this 
head  we  shall  take  up  the  following  points  for  discussioci! 

(1)  When  green-crop  manures  should  be  used. 

(2)  What  crops  should  be  used. 

(3)  Preparation  for  growing  green-manure  crops 

(4)  Relations  to  different  soils. 

(5)  Time  of  plowing  under. 

(6)  Crops  to  follow  green-manure  crops. 

(7)  Effect  on  succeeding  crops. 

When  green-crop  manures  should  be  used — ^The  indis- 
criminate use  of  green-crop  manures  cannot  be  recom- 
mended. Used  properly  when  conditions  call  for  them, 
they  are  extremely  effective ;  but,  when  used  under  some 
conditions,  they  may  be  either  useless  or  else  harmful. 
Green-crop  manures  can  be  used  profitably  in  improving 
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soils  ihat  are  poor  in  nitrogen  and  organic  matter,  since 
such  soils  are  always  defective  in  physical  conditions. 
They  are  especially  efficient  on  many  light,  sandy  soils 
and  also  on  very  heavy  clay  soils.  In  orchards,  they 
may  be  advantageously  used  as  cover-crops. 

On  soils  in  good  physical  condition  that  grow  good 
yields   of   crops,   green-crop    manures   should   be    used 
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only  at  intervals  sufficient  to  maintain  the  supply  of 
organic  matter  and  nitrogen;  and  this  is  best  done  ordi- 
narily by  using  some  leguminous  crop  as  part  of  a  regu- 
lar rotation. 

When  farm  manure  can  be  had  in  abundance,  as  on 
dairy  or  stock  farms,  it  is  found  most  profitable  to  raise 
as  green-manures  only  those  crops  which,  like  red  clover 
and  alfalfa,  can  be  largely  utilized  for  feeding  animals, 
depending  upon  the  roots  and  stubble,  and  supplement- 
ing with  farm  manure,  as  sources  of  organic  matter  and 
nitrogen  supply. 
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The  use  of  green-crop  manures  in  dry  regions  is  not 
practicable  without  irrigation,  since  with  insufficient 
moisture,  the  vegetable  matter  decays  with  extreme 
slowness,  leaving  the  soil  filled  with  air  spaces  and  pro- 
moting loss  of  water  by  evaporation. 

What  crops  should  be  used  as  green-manures.— It  is 
obvious  that  those  crops  should  be  used  which  are  best 
adapted  to  the  climate,  soil,  system  of  farming  and  the 
special  purpose  one  has  in  view.  Leguminous  crops 
should  be  given  preference  when  they  can  be  grown 
satisfactorily.  As  to  the  particular  legume  to  use,  this 
must  be  determined  mainly  by  the  choice  of  the  one  that 
can  be  grown  most  advantageously  under  the  special 
conditions  present  in  each  case.  In  this  connection,  the 
prominent  characteristics  of  the  different  plants  will  be 
briefly  reviewed.  Some  are  perennials  and  some  are 
biennials  or  annuals;  some  are  summer  or  warm-weather 
crops  and  others  are  cool-w-eather  crops,  adapted  to  late 
fall  and  early  spring  growth.  Thus,  mammoth,  alsike 
and  white  clovers  and  alfalfa  are  perennial;  sweet  clover 
is  biennial,  while  red  clover,  though  it  may  persist  for 
three  years,  is  more  often  grown  for  only  two  years  con- 
tinuously and  may  therefore  be  regarded  as  a  practical 
biennial.  These  crops  make  slow  growth  at  first,  which 
is  a  serious  objection  to  their  use  in  cases  where  quick 
results  are  needed,  as  with  soils  deficient  in  humus.  Of 
the  annual  legumes,  the  following  are  summer  annuals: 
Cowpeas,  soy-beans,  peanuts,  beans,  velvet  beans,  com- 
mon vetch  and  field-peas;  while  the  following  are  win- 
ter annuals:  Crimson  clover,  hairy  vetch,  and,  in  the 
South,  common  vetch  and  field-peas.  These  are  adapted 
to  use  as  cover-crops.  In  regard  to  the  extent  of  root 
systems,  red  clover,  mammoth  clover,  alfalfa  and  sweet 
clover  are  deep-rooted,  and  the  roots  alone  may  form 
from  one-third  to  one-half  of  the  plant;  the  other  legu- 
minous plants  have  comparatively  short  root  systems. 
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constituting  approximately  one-sixth  to  one-tenth  of  the 
plant.  All  these  as  well  as  other  individual  characteris- 
tics must  be  taken  into  consideration  in  making  a  choice 
of  the  crop  that  will  best  adapt  itself  to  the  needs  and 
conditions  of  the  farmer. 

Preparation  for  growing  gr«en-manure  crops. — ^While 
most  of  the  green-manure  crops  are  not  difficult  to  grow 
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under  proper  climatic  conditions,  and  several  of  them 
even  on  poor  soils,  yet  there  are  some  few  precautions 
which  should  be  observed  if  one  expects  success.  The 
points  to  which  special  attention  should  be  given  are 
summarized  as  follows: 

( I )  Preparation  of  soil. — The  soil  should  he  put  into  fine 
tilth  before  seeding,  especially  in  the  case  of  leguminous 
crops. 
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(2)  Use  of  calcium  compounds, — Application  of  ground 
limestone  or  of  slaked  lime  should  be  made  if  there  is 
any  indication  of  acidity  (p.  140). 

(3)  Addition  of  plant-food. — In  case  of  poor  soils,  it  is 
usually  desirable  to  use  a  small  application  of  ferti- 
lizer (pp.  538-543).  In  case  of  non-leguminous  crops, 
a  complete  fertilzer  should  be  used;  in  case  of  legumi- 
nous crops,  phosphorus  and  potassium  are  particularly 
desirable,  with  a  small  amount  of  nitrogen  to  insure  the 
crop  a  good  start  (p.  521). 

(4)  Inoculation  of  soil. — For  leguminous  crops,  especially 
when  grown  for  the  first  time,  it  is  often  necessary  to 
inoculate  the  soil  for  the  special  crop  grown  in  order  to 
promote  the  formation  of  root-nodules  and  absorption  of 
atmospheric  nitrogen  (p.  223). 

(5)  Relations  to  different  soils. — Light,  sandy  soils  are 
generally  most  benefited  by  the  use  of  green-crop 
manures,  because  they  are  usually  poorer  in  plant-food, 
lacking  in  humus,  porous,  and  unable  to  hold  moisture 
sufficiently  for  production  of  good  crops.  Green  crops 
should  be  used  that  will  supply  nitrogen,  moisture  and 
organic  matter.  The  bacterial  decomposition  of  organic 
matter  is  very  rapid,  owing  to  the  porous  condition  and 
consequent  supply  of  air,  and  in  such  soils  the  organic 
matter  is  used  up  rapidly.  Therefore,  green  crops  must 
be  used  more  frequently  and,  in  order  to  neutralize  the 
acids  formed  by  the  abundant  supplies  of  decomposing 
vegetable  matter,  calcium  compounds  must  also  be  applied 
more  abundantly.  In  growing  green  crops  on  light  soils, 
one  serious  difficulty  often  encountered  is  the  limited 
amount  of  moisture  available  for  crop  growth.  In  case  of 
cover-crops,  the  preceding  crop  may  take  so  much  water 
from  the  soil  as  to  prevent  the  germination  of  seed  and 
thus  make  it  difficult  to  start  the  green  crop.  Then,  again, 
green  crops  may  use  up  so  much  soil  moisture  for  their 
growth  that  while  the  green  crop  grows  well,  the  fol- 
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lowing;  crop  may  suffer  from  lack  of  moisture.  The 
excessive  drying  out  of  a  soil  generally  results  also  in 
extensive  destruction  of  the  soil  bacteria  that  are  neces- 
sary for  the  conversion  of  the  decomposition  of  organic 
matter  and  the  change  of  its  nitrogen  into  available  plant- 
food.  It  follows,  therefore,  that  green  crops  should  not 
be  seeded  in  an  excessively  dry  soil. 

The  incorporation  of  a  large  amount  of  organic  mat- 
ter in  a  light  soil  increases  the  porosity  and  therefore 
the  rapidity  of  evaporation  of  water.    Hence,  care  should 
be  taken  not  to  turn  under  too 
large   an    amount   of   vegetable 
matter  at  one  time.     In  the  case 
of  very  bulky  crops,  especially 
if  the  crop  is  so  mature  as  to  be 
somewhat  dry,  it  is  well  to  re- 
move a  considerable  portion  of 
the    crop,    turning    under    only 
stubble  ■  and    roots.     Excessive 
evaporation    of    water   may    be 
lessened  in  light  soils  after  turn- 
ing under  a  green  crop  by  com- 
pacting the  surface  with  a.  roller. 
While  light  soils  are  peculiarly 
benefited    by   a    proper   use   of 
•  green- crop     manures,      heavier 
are   also   improved   under 
many  conditions.    Some  of  the  more  striking  differences  we 
will  briefly  notice.     Increase  of   water-holding  power  in 
heavy  soils  is  less  important  than  in  light  soils.    Decomposi- 
tion of  green  crops  in  heavy  soils  is  slower,  the  organic  mat- 
ter lasts  longer  and  green-crop  manures  are  therefore  needed 
less  often.     Loss  of  nitrate  nitrogen  in  drainage  water  is 
smaller  in  case  of  heavy  soils,  and  cover-crops  do  not  there- 
fore effect  as  much  saving  of  nitrate  in  heavy  soils  as  in  light 
soils.    Loss  of  nitrogen  as  free  nitrogen,  except  in  case  of 
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water-logged  soils,  is  of  less  frequent  occurrence  in  heavy 
soils.  Another  point  of  difference  is  that  in  heavy  soils 
spring  growth  is  less  rapid  than  in  light  soils,  which 
must  be  taken  into  consideration  in  the  selection  of 
green  crops.  More  care  is  required  in  selecting  green- 
manure  crops  for  heavy  soils.  The  plowing  under  of 
green-manure  should  be  less  deep  in  heavy  soils  than  in 
light  soils,  since  too  deep  covering  retards  decomposition 
of  the  vegetable  matter  and  promotes  the  accumulation 
of  organic  acids  in  the  soil.  The  decomposition  of  green- 
manure  may  be  hastened  by  spreading  over  the  surface 
of  the  green  crop  2  or  3  tons  of  partially  decomposed 
farm  manure  an  acre,  Just  before  plowing  the  crop  under, 
thus  inoculating  the  soil  with  vigorous  bacteria  that 
cause  decomposition  of  organic  matter. 

Time  of  plowing  green  crops  under. — ^The  precise  time 
of  plowing  a  green  crop  under  is  of  much  importance 
and  is  dependent  upon  several  conditions,-  among  which 
are  the  season  of  growth,  the  condition  and  character 
of  the  soil,  the  degree  of  maturity  of  the  green  crop,  as 
well  as  weather  and  seasonal  conditions.  Generally  speak- 
ing, green  crops  should  be  plowed  in  when  they  are  still 
green  and  full  of  moisture,  since  they  then  decay  most 
quickly,  especially  in  light  soils.  If  a  green  crop  is  al* 
lowed  to  become  so  mature  as  to  contain  large  amounts  of 
dry,  coarse  and  woody  stems,  decomposition  takes  place 
slowly  and  the  material  remains  unchanged  in  the  soil  for 
a  considerable  period  of  time,  resulting  in  drying  out  of 
the  soil  by  increased  evaporation  caused  by  abnormal 
looseness  of  soil  and,  consequent  upon  this  condition,  ex- 
tensive destruction  of  those  soil  bacteria  that  produce 
decomposition  of  organic  matter.  There  is  more  danger 
of  this  condition  in  light  than  in  hea\'y  soils.  A  similar 
result  may  occur  if  a  green  crop  is  plowed  under  when 
a  soil  is  dry.  Best  results  can  come  only  when  there  is 
enough  moisture  in  the  soil  to  insure  prompt  decomposi* 
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tion  of  vegetable  matter.  Slow  decomposition  with  in- 
jurious results  is  likewise  experienced  when  a  large 
amount  of  green  matter  is  plowed  under  in  warm,  dry 
weather,  or  when  a  hot  dry  spell  follows  the  plowing  in. 
On  the  other  hand,  when  a  green  crop  is  turned  under  in 
late  summer  or  fall,  and  cool,  wet  weather  follows,  slow 
decomposition  with  production  of  acidity  may  result.  The 
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ideal  condition  for  rapid  decomposition  of  green-crop 
manures,  without  loss  of  nitrogen,  is  abundance  of  mois- 
ture and  heat.  When  fall-sown  crops  are  to  follow  the 
green-crop  manure,  it  is  desirable  to  turn  the  green  crop 
under  4  to  6  weeks  before  planting  time,  harrowing  fre- 
quently or  compacting  the  soil  in  some  other  way. 

Crops  to  follow  green-manure  crops. — In  general,  it 
is  well  to  follow  grccii-manurcs  with  cultivated  crops. 
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such  as  corn,  potatoes,  tobacco,  cotton,  etc.  The  cultiva- 
tion of  such  crops  produces  conditions  that  favor  the  de- 
composition of  the  vegetable  matter  and  the  consequent 
increase  of  available  plant-food.  Rye  and  oats  generally 
thrive  on  green-crop  manures,  while  wheat  and  barley 
appear  to  give  variable  results,  especially  the  first  season 
after  plowing  under  a  green  crop. 

Effect  on  succeeding  crops. — Numerous  experiments 
with  different  green-crop  manures  on  many  crops,  under 
a  great  variety  of  conditions  of  soil  and  climate,  have 
demonstrated  that  when  properly  used,  the  succeeding 
crops  are  generally  much  increased.  As  illustrations  of 
the  results  of  some  of  these  experiments,  red-clover  in- 
creased the  yield  of  corn  20  bushels  an  acre,  of  oats  10 
bushels  or  more,  of  potatoes  over  30  bushels;  cowpeas 
increased  the  yield  of  seed-cotton  700  pounds  an  acre, 
of  oats  10  bushels,  while  cowpea  stubble  and  roots  in- 
creased the  yield  of  sorghum  2  tons  an  acre  and  wheat 
4  bushels  for  four  years  in  succession;  crimson  clover 
increased  the  yield  of  potatoes  20  bushels  an  acre  the  first 
ye&r  and  27  bushels  the  second.  It  is  noticeable  that  the 
effects  of  leguminous  green-crop  manures  last  through 
several  seasons.  There  is,  however,  a  possibility  that 
some  crops  immediately  following  leguminous  green 
manures  may  be  unfavorably  affected.  For  example, 
when  a  large  amount  of  organic  nitrogen  is  incorporated 
in  the  soil  by  a  green  crop  followed  by  hot,  moist 
weather,  favoring  rapid  decomposition  with  formation  of 
nitrate  nitrogen,  the  crop  may  get  too  much  available 
nitrogen  for  normal  growth  and  develop  too  luxuriantly 
in  stems  and  leaves,  as  in  the  case  of  excessive  applica- 
tions of  farm  manure ;  under  these  conditions  the  ripening 
of  fruit  is  delayed,  and  there  is  generally  a  decreased 
yield ;  with  grains  like  wheat  and  barley,  the  straw  is  ex- 
cessive in  growth,  lodging  easily,  and  the  yield  of  grain 
is  diminished. 
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CALCIUM  (LIME)  COMPOUNDS  AND  OTHER 

INDIRECT  FERTILIZERS 

An  indirect  fertilizer  (p.  239)  is  a  material  which  favor* 
ably  influences  crop  growth  through  its  effect  on  the  soil 
rather  than  through  direct  addition  of  plant-food.  Such 
materials  are  known  also  as  soil  stimulants,  tonics,  and 
amendments.  The  action  varies  for  different  materials,  each 
producing  effects  more  or  less  specific 

In  recent  years  the  subject  of  indirect  fertilizers  has 
become  one  of  increasing  interest  and  importance.  Their 
intelligent  use  is  attended  with  very  satisfactory  results  in 
crop  growing,  while  a  blind,  indiscriminating  use  may  work 
harm  to  soil  and  crops  and  loss  to  farmers.  It  is,  therefore, 
desirable  that  the  subject  should  be  treated  with  a  fair  degree 
of  fullness. 

The  materials  which  may  act  as  indirect  fertilizers  will 
be  considered  under  the  following  divisions :  Calcium  or 
lime  compounds  and  miscellaneous  materials. 

CALCIUM  OR  LIME  COMPOUNDS 

The  different  calcium  compounds  to  be  considered  are 
used  as  indirect  fertilizers  for  the  purpose  of  bringing  about 
in  soil,  through  the  action  of  the  calcium  contained  in  them, 
chemical,  physical  and  biological  changes  that  are  beneficial 
to  plant  growth.  Calcium  compounds  are  not  often  used  for 
the  sole  purpose  of  supplying  calcium  directly  as  plant- 
food  to  crops.  The  operation  of  applying  calcium  com- 
pounds to  soils  is  commonly  called  liming.  We  shall  study 
calcium  or  lime  compounds  under  the  following  heads; 

I    Composition. 
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2.  What  calcium  compounds  do  in  soils. 

3.  The  practical  use  of  calcium  compounds. 

COMPOSITION  OF  CALCIUM  OR  LIMB 
COMPOUNDS 

The  chemical  element  calcium  (Ca)  is  the  one  common, 
characteristic  constituent  of  all  so-called  lime  compounds, 
in  which  we  iind  calcium  combined  with  one  or  more  other 
chemical  elements.    We  are  to  keep  in  mind  that  it  is  this 
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clement  calcium  which  does  the  desired  work,  whatever 
compound  of  calcium  we  apply  as  an  indirect  fertilizer.  The 
different  calcium  compounds  available  for  agricultural  use 
as  indirect  fertilizers  are  the  following:  (i)  Calcium  oxide, 
(2)  calcium  hydroxide,  (3)  calcium  carbonate,  (4)  gyp- 
sum or  hydrated  calcium  sulphate.  Tbere  are  other  mate- 
rials containing  calcium  compounds,  which  are  chiefly 
used,  however,  for  the  purpose  of  supplyirg  plant-food 
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other  than  calcium,  among  which  are  ground  phosphate 
rock  or  "floats"  (p.  262),  wood-ashes  (p.  283)  and  basic- 
slag  phosphate  (p.  275),  the  composition  of  which  we 
have  already  discussed. 

Calciimi  oxide  or  lime. — ^The  word  lime  is  ordinarily- 
used  to  designate  a  compound  consisting,  when  pure,  of 
calcium  (71.4  per  cent.)  and  oxygen  (28.6  per  cent.),  a 
compound  known  in  chemistry  as  calcium  oxide  (CaO).  At 
one  time  it  was  erroneously  supposed  that  calcium  oxide 
(lime)  was  present  in  all  the  different  compounds  of  calcium, 
and  so  all  calcium  compounds  were  called  lime  compounds. 
This  inaccurate  use  has  continued,  especially  in  commercial 
practice. 

Calcium  oxide  in  impure  forms,  is  known  under  several 
commercial  names,  such  as  lime,  quicklime,  caustic  lime, 
burnt  lime,  stone-lime,  lump-lime,  unslaked  lime,  etc.  The 
value  of  commercial  lime  depends,  for  many  purposes,  upon 
its  freedom  from  impurities,  that  is,  upon  the  amount  of 
calcium  oxide  it  contains. 

Commercial  lime  is  prepared  by  heating  at  a  sufficiently 
high  temperature  any  form  of  carbonate  of  lime  (calcium 
carbonate),  the  carbon  dioxide  (carbonic  acid)  being  driven 
off  as  a  gas  and  calcium  oxide  remaining  as  a  solid  residue. 
as  shown  by.  the  following  chemical  equation : 

too  56  44 

CaCOs       4-      iMtt       •       CaO      +       COf 

Calcium  Calduxn  CaxboQ 

carbcmata  oxide  diozidi 

The  materials  most  commonly  used  as  a  source  of  com- 
mercial lime  ar^  limestone,  oyster  shells  and  shell-marl.  It 
is  evident  that  the  purity  of  a  lime  (the  percentage  of  cal- 
cium oxide  present)  depends  upon  (i)  the  purity  of  tlie 
original  carbonate  material  used,  (2)  the  completeness  of 
the  burning,  and  (3)  subsequent  care  in  keeping  dry.  The 
impurities  commonly  found  in  commercial  lime  are  com- 
pounds containing  magnesium,  silicon,  iron  and  aluminum 


366  FERTILIZERS  AND  CROPS 

The  three  most  common  forms  of  commercial  lime  are:  (i)' 
Stone-lime,  (2)  magnesium  stone-lime,  and  (3)  oyster-shell 
lime. 

(i)  Stone-lime. — This  is  the  ordinary  lump-lime  com- 
monly used  by  masons.  It  is  prepared  by  burning  limestone 
(calcium  carbonate)  of  a  good  degree  of  purity  and  should 
contain  90  to  98  per  cent,  of  calcium  oxide.  Commercial 
quicklime  can  also  be  obtained  in  coarsely  pulverized  or 
granulated  form.  This  is  much  used  in  building.  It  is 
a  convenient  form  to  use  on  soils. 

(2)  Magnesium  stone-lime. — This  is  prepared  from  lime- 
stone that  contains  more  or  less  magnesium  carbonate,  the 
proportions  varying  greatly  in  different  varieties.  Commer- 
cial lime  prepared  from  such  material  contains  55  to  85  per 
cent,  of  calcium  oxide  and  10  to  40  per  cent,  of  magnesium 
oxide.  The  presence  of  magnesium  compounds  affects 
unfavorably  the  slaking  properties  of  lime. 

(3)  Oyster-shell  lime, — Oyster  shells  contain  90  to  95 
per  cent,  of  calcium  carbonate  and,  when  properly  burned, 
produce  a  high-grade  lime,  containing  from  85  to  95  per 
cent,  of  calcium  oxide. 

In  addition  to  the  preceding  forms  of  commercial  lime, 
two  others  of  less  importance  may  be  mentioned,  known  as 
gas-lime  and  calcium  carbide  waste.  Quicklime  is  used  at 
gas-works  to  remove  impurities  from  the  gas  and  after  being 
so  used  it  is  often  sold  to  farmers.  Gas-lime  is  not  quick- 
lime, since  the  calcium  oxide  is  largely  changed  into  other 
forms,  such  as  hydroxide  (slaked  lime)  and  carbonate.  In 
addition,  there  are  the  impurities  absorbed  from  the  gas, 
some  of  which  are  injurious  to  seeds,  such  as  sulphides  and 
sulphites.  These  are  changed  into  the  harmless  form  of 
sulphate  (land-plaster)  on  exposure  to  the  air.  Gas-lime 
should,  therefore,  be  allowed  to  lie  exposed  to  the  air 
before  use  or  should  be  put  into  the  soil  some 
weeks  or  months  before  putting  in  a  crop.  The  com- 
position of  gas-lime  varies  greatly.  Calcium  carbide  waste 
is  the  solid  residue  formed  in  the  manufacture  of  acetylene 
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gas  from  calcium  carbide;  it  consists  largely  of  a  mixture 
of  calcium  carbonate  and  hydrate  (slaked  lime),  the  propor- 
tions depending  upon  the  length  of  exposure  to  air.  The 
material  has  the  disadvantage  of  being  wet  and  of  holding 
some  acetylene  gas.  It  can  be  used  in  liming  soils  where  its 
cost  is  slight,  but  in  order  to  allow  acetylene  gas  to  escape 
it  is  well  to  expose  it  to  the  air  for  some  weeks  before  apply- 
ing to  the  soil  or  to  apply  to  the  soil  a  few  weeks  before 
putting  in  seeds,  because  acetylene  gas  is  injurious  to 
seeds. 

Calcium  h3rdroxide  or  slaked  lime. — When  calcium  ox- 
ide or  quicklime  comes  in  contact  with  water,  it  undergoes 
the  change  known  as  slaking  (or  slacking)  ;  its  calcium  oxide 
(CaO)  combines  with  water  (H2O)  and  is  changed  into  a 
compoimd  known  chemically  as  calcium  hydroxide 
(CaHsOa)  or  commercially  as  slaked  lime,  water-slaked 
lime^  caustic  lime,  or  hydrated  lime;  100  pounds  of  calcium 
oxide  combine  with  about  32  pounds  of  water  and  produce 
132  pounds  of  calcium  hydroxide  (slaked  lime),  as 
shown-  by  the  following  chemical  equation : 

56  18  74 

CaO       +       H2O       -       CaH20j 
Calcium  Water  Calcium 

ozida  hydroxide 

Slaked  lime  may  be  conveniently  regarded,  therefore, 
as  quicklime  diluted  by  combination  with  about  one-third 
of  its  weight  of  water.  Calcium  hydroxide  or  pure  slaked 
lime  contains  24.3  per  cent,  of  water  and  75.7  per  cent,  of 
calcium  oxide,  which  is  equivalent  to  54  per  cent,  of  calcium. 
The  chemical  change  that  occurs  when  lime  slakes  or  com- 
bines with  water  is  accompanied  by  marked  physical  changes ; 
the  lime  swells  in  bulk,  crumbles  to  a  fine  powder  and  gen- 
erates much  heat.  The  rapidity  with  which  commercial 
lime  slakes  depends  upon  the  amount  of  water  used  and  the 
composition  of  the  quicklime.  The  use  of  too  much  water 
or  the  sudden  chilling  of  partially  slaked  lime  by  cold  water 
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results  in  the  production  of  a  coarse,  granular  lime  in  place 
of  the  desired  form  of  fine  powder.  Commercial  limes  con- 
taining less  than  10  per  cent,  of  impurities  slake  more 
quickly  than  those  containing  larger  amounts  of  impurities. 
Magnesium  stone-limes  slake  imperfectly. 

One  bushel  of  stone-lime  of  good  quality,  on  slaking, 
increases  in  bulk  to  two  or  three  bushels  of  slaked  lime. 
The  weight  per  bushel  decreases  roughly  about  one-half,  for 
example,  from  90  to  45  pounds.  The  bulk  and  weight  of 
slaked  lime  depend  upon  the  composition  of  the  quicklime 
used,  upon  the  amount  of  water  added,  and  upon  some 
special  conditions  of  the  slaking  process. 

Slaked  lime  suspended  in  or  mixed  with  water  to  form  a 
milky  liquid,  is  known  as  milk  of  lime. 

Slaked  lime  dissolved  in  water  forms  a  clear  solution 
known  as  lime-water,  and  is  much  used  for  medicinal  pur- 
poses. 

The  calcium  hydroxide  of  slaked  lime  easily  absorbs  carbon 
dioxide  gas  from  the  air  and  changes  gradually  into  calcium 
carbonate.  Just  as  commercial  quicklime  is  impure  calcium 
oxide,  so  commercial  slaked  lime  is  impure  calcium  hydrox- 
ide. Ordinary  water-slaked  lime  is,  therefore,  a  mixture  of 
calcium  hydroxide  and  calcium  carbonate  with  such  impuri- 
ties as  may  have  been  present  in  the  lime  before  slaking. 

The  slaking  of  lime  also  takes  place  when  lime  is  exposed 
to  the  air,  this  process  being  known  as  air-slaking.  When 
lumps  of  stone-lime  stand  exposed  for  some  time,  the  outer 
layer  gradually  absorbs  moisture  from  the  air  and  goes 
through  the  process  of  slaking,  forming  a  fine  powder.  In 
the  air-slaking  process,  more  or  less  calcium  carbonate  is 
also  found.  Hence,  air-slaked  lime  usually  contains  larger 
amounts  of  carbonate  and  less  of  hydroxide  than  water- 
slaked  lime.  The  rapidity  with  which  limes  air-slake  depends 
upon  diflferent  conditions.  Dry,  fine,  air-slaked  lime  may  at 
best  contain  as  much  as  75  per  cent,  of  calcium  oxide ;  but 
it  varies  much  and  is  practically  all  carbonate  if  it  has 
been  exposed  to  air  long. 
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Calcium  carbonate  is  commonly  known  as  carbonate 
of  lime.  In  this  form  calcium  oxide  (CaO)  is  combined 
with  carbon  dioxide  (CO2),  thus  forming  calcium  carbon- 
ate (CaCOs),  which  contains  56  per  cent,  of  calcium  oxide 
(equivalent  to  40  per  cent,  of  calcium)  and  44  per  cent,  of 
carbon  dioxide.  This  change  is  chemically  shown  as 
follows : 


56                    44 

100 

CaO       +       COj       - 
Calcium           Carbon 
oxide             dioxide 

CaCOs 
Calcium 
carbonate 

However,  the  change  never  takes  place  in  just  this  way, 
because  the  oxide  (CaO)  must  be  first  changed  into  hydrox- 
ide (CaH202)  before  carbon  dioxide  combines.  Hence, 
the  actual  change  into  carbonate  is  represented  as  follows: 

CD  CaO       +       HsO       »       CaHsOs 

Calcium  Water  Calcium 

oxide  hydroxide 

74  44  100  IS 

€0  CaH20s       +       COS       -       CaCOs       +       HsO 

Calcium  Carbon  Calcium  Water 

hydroxide  dioxide  carbonate 

Just  as  we  may  regard  slaked  lime  as  calcium  oxide  diluted 
by  combination  with  water,  so  we  may  regard  calcium  car- 
bonate as  calcium  oxide  or  lime  diluted  by  combination  with 
carbon  dioxide ;  100  pounds  of  calcium  oxide  combine  with 
about  80  pounds  of  carbon  dioxide  and  produce  180  pounds 
of  calcium  carbonate.  The  carbonate  is,  therefore,  a  more 
dilute  form  of  calcium  than  the  oxide  or  hydroxide. 

Limestone  of  high  grade  of  purity,  chalk  and  also  many 
kinds  of  marble  consist  largely  (95  to  98  per  cent.)  of  cal- 
cium carbonate.  Shells,  coral  rock,  shell-marl,  air-slaked 
lime,  etc.,  contain  calcium  carbonate  in  varying  proportions. 
Many  limestone  rocks  contain  varying  amounts  of  mag- 
nesium carbonate.  As  previously  stated,  calcium  carbonate 
is  present  in  varying  amounts  in  slaked  lime,  according  to 
Icneth  of  exposure  to  air;  in  ordinary  air-slaked  lime  it  is 
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safest  to  assume  that  the  calcium  is  practically  all  in  the  form 
of  carbonate. 

Ground  limestone  is  one  form  of  carbonate  of  calcium 
that  is  applied  to  soils.  Ground  shell-marl  is  also  used  and, 
in  its  purest  condition,  niay  contain  as  much  as  98  per  cent, 
of  calcium  carbonate. 

Calcium  sulphate,  hydrated  (p.  55),  known  also  as 
gypsum,  hydrated  sulphate  of  lime,  land-plaster,  etc.,  is  a 
compound  of  calcium  and  sulphuric  acid,  with  some  water 
(CaS042H20,  p.  55) ;  100  pounds  of  pure  hydrated  cal- 
cium sulphate  contain  about  32.5  pounds  of  calcium  oxide 
(equivalent  to  23  pounds  of  calcium),  46.5  pounds  of  sul- 
phuric acid,  and  21  pounds  of  water.  When  the  water  in 
gypsum  is  removed  by  heating  the  product  is  known  as 
plaster  of  parts.  We  see  that  hydrated  calcium  sulphate  or 
gypsum  may  be  regarded  as  a  more  diluted  form  of  cal- 
cium than  either  the  hydroxide  or  carbonate.  To  carry  as 
much  calcium  as  is  contained  in  100  pounds  of  calcium  oxide 
or  pure  lime  requires  about  310  pounds  of  gypsum. 

Hydrated  calcium  sulphate  in  its  commercial  form  of  g}'p- 
sum  or  land-plaster  contains  varying  amounts  of  impurities, 
the  presence  of  which  decreases  the  percentage  of  calcium. 
Some  land-plaster  contains  only  50  per  cent,  of  pure  sul- 
phate of  calcium,  while  the  best  contains  over  95  per  cent. 
It  should,  therefore,  be  purchased  only  on  the  basis  of  a 
guarantee.  It  should  be  used  in  finely  ground  condition. 
It  is  well  to  keep  in  mind  that  commercial  acid  phosphates 
(p.  271)  contain  hydrated  calcium  sulphate  to  the  extent 
of  several  hundred  pounds  a  ton.  Generally  speaking, 
farmers  cannot  afford  to  purchase  gypsum  as  a  source 
of  calcium  for  use  as  an  indirect  fertilizer. 

Comparative  composition  of  calcium  compounds. — It 
is  a  matter  of  practical  importance  to  have  a  clear  idea  of 
the  relative  amounts  of  calcium  contained  in  the  principal 
compounds  used  to  supply  this  constituent  in  agriculture, 
since  it  is  the  element  calcium  that  these  compounds  are 
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used  to  furnish.    A  comparison  in  this  respect  is  furnished 
by  the  following  tabulated  arrangement : 

Table  38 — ^Amounts  of  Calcium  in  Lime  Compounds 


Ftem  of  lime  oompoond 


Cal- 
cium 
(Ca) 


Cal. 

cium 

oxide 

(CaO) 

or  lime 


Wat^r 
(HsO) 


Carbon 

diozi(^ 

(COS) 


Sul- 

phurie 

acid 


Calcium  oxide,  CaO  Qime) 

Calcium  hydroxide,  CaH202  (slaked  lime) 
Calcium  carbonate,  C^COs    (carbonate  of 

lime) 

Hydrated  calcium  sulphate,  CaS04.2H80 
(gypsum) 


% 
71.4 
54.0 

40.0 

23.2 


% 
100.0 

75.7 
56.0 
32.5 


24.3 
21.0 


44.0 


46J 


It  IS  readily  seen  that  the  different  compounds  carry 
widely  varying  amounts  of  calcium.  The  equivalent  amounts 
can  be  brought  out  more  strikingly  if  we  consider  them  on 
the  basis  of  icx)  pounds  and  of  one  ton. 

To  furnish  the  amount  of  calcium  contained  in  100  pounds 
of  pure  lime  (CaO)  requires  130  pounds  of  slaked  lime, 
180  pounds  of  carbonate,  or  310  pounds  of  gypsum. 

To  furnish  the  amount  of  calcium  contained  in  one  ton 
(2,000  pounds)  of  pure  lime  (CaO)  requires  2,600  pounds 
of  slaked  lime,  3,600  pounds  of  carbonate,  or  6,2(X)  pounds  of 
gypsum. 

In  purchasing  lime  to  apply  on  soils,  it  is  of  great  prac- 
tical importance  to  take  into  consideration  these  equivalent 

values. 

Weight  of  a  bushel  of  lime.— It  is  the  custom  in  some 
places  to  sell  lime  by  the  bushel.  It  should  he  purchcLScd  only 
by  weighty  because  the  weight  of  a  bushel  varies  greatly 
according  to  a  variety  of  conditions,  chief  among  which  are 
porosity  of  the  limestone  burned  and  the  conditions  of  burn- 
ing. The  average  weight  of  a  bushel  (heaped  measure)  of 
stone-lime  is  given  as  75  to  93  pounds,  but  it  may  vary  from 
60  to   120  pounds.     Magnesium  stone-lime  usually  runs 
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somewhat  lower.    Oyster-shell  lime  varies  from  40  to  75 
pounds  a  bushel  and  averages  about  60. 

Chemical  changes  and  solubility  of  calcium  com* 
pounds. — Some  of  the  facts  already  stated  about  the 
changes  that  calcium  compounds  undergo  need  reviewing 
for  the  sake  of  emphasizing  their  importance  and  relations. 
Some  additional  facts  regarding  the  solubility  of  calcium 
compounds  deserve  special  mention  at  this  point. 
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Necessity  of  lime  for  clover  in  some  soils.  The  cylinders  are  4 
feet  deep  and  are  lulled  with  equal  amounts  of  the  same  soil;  the 
grass  and  clover  seed  used  in  equal  amounts  in  each  cylinder  and 
both  fertilized  alike.    Larger  growth  due  to  lime.    Massachusetts 

(i)  Change  of  quicklime  to  slaked  lime. — Calcium  oxide 
(CaO)  or  quicklime,  as  previously  stated,  combines  with 
water  (H2O)  to  form  calcium  hydroxide  (CaHiO.)  or 
water-slaked  lime;  the  attraction  between  quicklime  and 
water  is  intensely  strong.  Quicklime  put  on  or  in  soils  is 
changed  into  slaked  lime  before  chemical  action  on  the  soil 
constituents  takes  place.    When,  therefore,  we  speak  of  the 
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action  of  quicklime  in  soils,  we  usually  mean  the  direct 
action  of  slaked  lime  formed  from  quicklime 

(2)  Change  of  slaked  lime  to  carbonate. — Slaked  lime  or 
calcium  hydroxide  and  carbon  dioxide  have  very  strong 
mutual  attraction  and  combine  to  form  the  carbonate 
(CaCO;^).  Perfectly  dry  quicklime  is  not  acted  upon  by 
carbon  dioxide ;  it  must  first  be  changed  into  hydroxide  by 
combination  with  water.  When  quicklime  air-slakes,  the 
first  action  is  combination  with  water  to  form  hydroxide, 
after  which  carbon  dioxide  is  taken  from  the  air  by  the 
hydroxide  and  carbonate  is  formed.  Whether  applied  to  soils 
as  quicklime  or  slaked  lime,  it  is  sooner  or  later  changed 
into  carbonate  and  does  its  principal  work  in  the  fonn  of 
carbonate.  In  general,  when  we  speak  of  the  action  of 
calcium  compounds  in  soils,  we  usually  mean  the  carbonate 
if  we  do  not  specify  some  other  form. 

(3)  Solubility  of  calcium  compounds  in  water, — ^The  ex- 
tent to  which  calcium  compounds  dissolve  in  water  at  ordi- 
nary temperatures  is  a  matter  of  some  practical  importance 
in  connection  with  soils.  Quicklime  does  not  dissolve  as  such 
in  water  but  changes  into  the  hydroxide,  which  dissolves 
at  the  rate  of  one  part  in  about  600  to  800  parts  of 
water,  the  solution  being  known  as  lime-water;  and  it 
is  the  calcium  in  this  solution  which  combines  so  readily 
with  carbon  dioxide  to  form  carbonate.  Calcium  carbonate 
dissolves  only  very  slightly  in  pure  water,  but,  when  water 
is  saturated  with  carbon  dioxide,  one  part  of  carbonate 
dissolves  in  about  1,000  parts  of  carbonated  water,  less  car- 
bonate dissolving  in  water  containing  less  carbon  dioxide. 
One  part  of  hydrated  calcium  sulphate  or  gypsum  is  soluble 
in  400  to  500  parts  of  water;  it  is  more  soluble  in  water 
containing  in  solution  common  salt  or  nitrate  of  soda 

WHAT  CALCIUM  COMPOUNDS  DO  IN  SOILS 

When  applied  to  soils  judiciously,  calcium  compounds  pro- 
duce several  specific  effects,  resulting  in  improvement  of 
soils  and  increase  of  crops;  however,  injurious  effects  may 
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attend  their  me  tinder  scHne  conditions,  especiaHy  when  cer- 
tain forms  are  used  in  too  large  amounts.  For  convenience, 
the  effects  of  calcium  compounds  may  be  grouped  under 
three  heads:  (i)  Chemical,  (2)  biological  and  (3)  physical. 

Chemical  effects  of  calcium  compounds.-*The  direct 
beneficial  chemical  effects  of  calcium  compounds  in  soils 
may  be  divided  into  two  general  classes:  (ist)  They  make 
available  some  insoluble  forms  of  plant-food,  especially  in 
case  of  compounds  containing  potassium  or  phosphorus; 
and  (2d)  they  change  into  harmless  forms,  or  neutralize 
the  injurious  effects  of,  many  compounds  that  interfere  with 
the  growth  of  plants. 

(i)  Action  on  insoluble  potassium  compounds. — One  of 
the  most  important  effects  of  calcium  compounds  is  the 
conversictti  of  insoluble  into  soluble  forms  of  potassium; 
the  soluble  calcium  takes  the  place  of  the  potassium  in  the 
insoluble  compounds  and  thus  enables  tht  potassium  to  form 
some  new  soluble  form  of  combination.  All  of  the  conditions 
under  which  this  change  occurs  are  not  completely  under- 
stood and  cases  occur  in  which  insoluble  potassium  com- 
pounds are  not  affected.  The  extent  of  this  action  is  pri- 
marily dependent  upon  the  amount  and  kind  of  potassium 
compounds  contained  in  a  soil.  As  would  be  expected,  good 
results  are  more  noticeable  in  clay  soils,  while  sandy  soils, 
which  are  often  deficient  in  potassium  compounds,  are  little 
affected.  The  effect  of  calcium  in  making  potassium  avail- 
able is  shown  most  prominently  in  the  case  of  crops  that 
require  relatively  large  amounts  of  potassium,  such  as  clover 
and  other  leguminous  crops.  It  is  probable  that  g}'psum 
affects  a  soil  more  in  this  respect  than  in  any  other  way. 

(2)  Action  on  insoluble  phosphates. — Calcium  com- 
pounds, especially  the  hydroxide  and  carbonate,  change 
insoluble  phosphates  into  forms  that  can  be  more  readily 
utilized  as  plant-food.  This  action  is  based  on  the  following 
chemical  facts:  The  phosphates  of  iron  and  aluminum  are 
more  or  less  prevalent  in  soils;  these  compounds  become 
soluble  only  with  extreme  slowness  tmder  ordinary  condi- 
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tions.  Calcium  compounds,  especially  the  hydroxide  and 
carbonate,  change  these  insoluble  phosphates  into  tri-calcium 
phosphate,  which  is  much  more  readily  soluble  in  water 
containing  carbon  dioxide,  as  in  case  of  ordinary  soil  water 
(p.  47).  The  application  of  the  calcium  compounds  men- 
tioned is,  therefore,  of  marked  value  in  this  way  in  case  of 
soils  rich  in  iron  and  aluminum  compounds  but  poor  in 
calcium  carbonate.  The  extent  and  value  of  the  change 
involved  in  this  action  of  certain  calcium  compounds  have 
not  been  sufficiently  appreciated.  Most  agricultural  writers 
advise  against  the  use  of  calcium  compounds  in  soils  where 
soluble  calcium  phosphate  (superphosphate)  is  used,  on  the 
ground  that  the  phosphoric  acid  will  be  rendered  less  effi- 
cient as  plant-food.  This  objection  has  been  greatly  exag- 
gerated, as  experiments  have  shown. 

(3)  Neutralisation  of  acid  soils. — Soils  which  show 
acidity  (p.  140),  whether  in  the  form  of  free  acids  ("sour" 
soils)  or  whether  simply  deficient  in  basic  constituents 
(p.  141),  are  beneficially  changed  in  character  by  the  appli- 
cation of  calcium  compounds  in  the  form  of  quicklime, 
slaked  lime,  or  carbonate,  but  not  by  sulphate  (gypsum  or 
land-plaster). 

(4)  Action  on  soil  toxins. — In  addition  to  specific  acids, 
soils  may  contain  compounds  that  act  as  poisons  to  plants. 
For  example,  magnesium  compounds,  when  present  in  large 
proportions,  may  act  in  this  way;  and  on  some  soils  the 
application  of  magnesium  compounds  in  magnesium  lime- 
stone, kainite,  etc.,  may  work  injury.  This  condition  can 
be  overcome  by  the  use  of  sufficient  amounts  of  calcium 
compounds.  Other  poisonous  substances,  in  the  form  of 
acid  organic  compounds  in  soils,  are  derived  from  plants  as 
products  of  the  decay  of  organic  matter  in  soils,  or,  pos- 
sibly, in  part,  as  excretions  of  plant-roots  (p.  129).  Their 
injurious  effects  are  overcome  or  prevented  by  the  presence 
of  enough  calcium  hydroxide  or  carbonate  in  the  soil.  In 
some  cases,  injurious  soluble  salts  in  alkali  soils  are  ren- 
dered less   harmful  by  calcium  compounds.     The   ''black 
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alkali"  in  soils  of  arid  regions,  due  largely  to  sodium  car- 
bonate, is  changed  by  sulphate  into  (i)  harmless  calcium 
carbonate  and  (2)  sulphate  of  soda,  which  is  less  poisonous 
to  plants  than  is  sodium  carbonate. 

(5)  Favorable  to  decomposition  of  organic  matter, — The 
decomposition  of  organic  matter  is  favored  by  the  pres- 
ence of  calcium  compounds  (p.  137). 

(6)  Economy  of  plant-food, — It  has  been  demonstrated 
that  in  the  presence  of  abundance  of  calcium  carbonate, 
smaller  percentages  of  nitrogen,  phosphorus  and  potassium 
compounds  are  generally  required  for  crop  production  than 
when  calcium  is  deficient. 

(7)  Effect  of  calcium  sulphate  on  ammonium  carbonate. 
Ammonium  carbonate  easily  escapes  into  the  air,  but  in  the 
presence  of  abundance  of  calcium  sulphate  (gypsum)  it 
is  changed  into  the  stable  form  of  ammonium  sulphate,  and 
the  calcium  becomes  useful  as  carbonate  Quicklime  and 
slaked  lime  do  not  possess  this  property,  but,  on  the  contrary, 
change  all  ammonia  compounds  into  gaseous,  free  am- 
monia. Calcium  carbonate  does  not  have  this  unfavor- 
able effect  under  agricultural  conditions. 

(8)  Harmful  chemical  effects  of  calcium  compounds. — 
The  chemical  effects  thus  far  mentioned  are  for  the  most 
part  beneficial,  but  injurious  results,  causing  loss  of  plant- 
food  or  resulting  in  special  unfavorable  conditions,  may 
attend  the  injudicious  use  of  calcium  compounds  under 
some  circumstances. 

(a)  Destruction  of  organic  matter:  The  use  of  much 
quicklime  or  freshly  slaked  lime  on  soils  greatly  hastens  the 
decomposition  of  organic  matter.  The  danger  is  greater 
on  sandy  soils  and  on  soils  containing  only  small  amounts 
of  decaying  organic  matter  (p.  136). 

(b)  Loss  of  nitrates:  The  formation  of  nitrates  may  be 
so  hastened  by  calcium  compounds,  especially  the  caustic 
forms,  as  to  furnish  nitrates  more  rapidly  or  more  abun- 
dantly than  crops  can  use.  Under  such  conditions  nitrates 
are  liable  to  be  lost  by  passing  into  the  drainage  water. 


CALCIUM  AND  OTHER  INDIRECT  FERTILIZERS  377 

(c)  Acidity  of  soils  increased  by  sulphate:  The  exten- 
sive use  of  calcium  sulphate  (land-plaster)  may  result  in 
making  a  soil  acid.  The  calcium  of  this  compound  is 
removed  from  the  soil,  the  sulphuric  acid  being  left  behind 
to  combine  with  some  basic  material,  and  if  it  continues  to 
accumulate,  it  will  obviously,  in  the  course  of  time,  be 
present  in  sufficient  quantities  to  contribute  very  appreciably 
to  the  acidity  of  the  soil.  It  must  be  emphasized,  therefore, 
that  land-plaster  never  neutralises  soil  acidity,  but  helps  to 
make  a  neutral  soil  acid.  It  is  safe  advice  to  recommend 
that  farmers  never  apply  gypsum  or  land^plaster  by  itself 
directly  to  soils.     . 

Biological  effects  of  calcium  compounds. — In  general, 
calcium  compounds  tend  (ist)  to  make  soil  conditions 
favorable  for  the  growth  of  many  crops  and  for  certain 
important  soil  organisms,  and  (2d)  to  prevent  some  kinds 
of  plant  disease. 

(i)  Relation  of  calcium  compounds  in  soils  to  kind  of 
plant  growth. — The  influence  of  calcium  compounds  in  soils 
is  shown  by  the  character  of  growth  of  native  trees  and 
other  plants.  For  example,  chestnut  trees*  show  preference 
for  soils  not  rich  in  calcium  compounds,  and  likewise  rho- 
dodendron and  arbutus;  leguminous  crops,  like  clover, 
alfalfa,  etc.,  and  other  desirable  crops  thrive  best  only  on 
soils  well  supplied  with  calcium  carbonate.  Many  weeds, 
which,  like  sorrel,  flourish  in  acid  soils,  are  discouraged  in 
the  presence  of  calcium  carbonate. 

(2)  Relation  of  calcium  compounds  to  soil  organisms. — 
Calcium  compounds,  especially  the  hydroxide  and  carbon- 
ate, are  closely  associated  with  the  favorable  action  of  cer- 
tain important  soil  organisms,  which  cannot  be  active  in  the 
presence  of  acids.  The  eflFects  may  be  grouped  under  four 
general  divisions:  (a)  Promotion  of  the.  decomposition  of 
Drganic  matter;  (b)  making  conditions  favorable  for  nitri- 
fication; (c)  providing  essential  conditions  for  the  growth 
of  nitrogen-gathering  organisms  associated  with  leguminous 
plants;  and  (d)  favoring  the  growth  of  those  soil  organisms 
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that  Utilize  atmosplieric  nitrogen  independently  of  other 
plants  (p.  214). 

{3)  Calcium  compounds  in  relation  to  some  plant  diseases. 
Calcium  compounds  are  specific  as  a  preventive  of  the  disease 
known  as  club-root  or  finger-and-toe  disease  found  in  cab- 
bage, turnips  and  similar  crops,  this  disease  occurring  only 
in  acid  soils. 

(4)  Harmful  biological  effects  of  calcium  compounds. — • 
A  strongly  alkaline  condition  of  soil,  caused  by  the  use  of 
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Portion  o{  field  on  left,  where  crop  is  good,  treated  with  lime  and 

alfalfa  soil. 

Portion  of  field  on  right,  where  crop  is  poor,  treated  with  Farmo- 
germ  but  no  lime.    New  Jersey  Station. 

too  much  caustic  lime  (^quicklime  or  slaked  lime),  is  apt  to 
affect  injuriously  for  a  while  bacterial  and  other  processes, 
while  excess  of  calcium  sulphate  causes  unfavorable  con- 
ditions by  producing  soil  acidity.  These  effects  may  be 
specified  more  fully,  as  follows : 

(a)  )nj'ury  to  nitrifying  and  decay  organisms.  A  strongly 
alkaline  condition  of  soil  causes  suspension  of  the  normal 
processes  of  decomposition  and  nitrification.    After  a  time, 
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when  the  caustic  calcium  is  changed  into  carbonate,  normal 
biological  activities  are  resumed. 

(b)  Production  of  potato-scab.  The  application  of  cal- 
cium compounds  in  amounts  sufficient  to  make  a  soil  neutral 
or  alkaline  usually  favors  the  disease  known  as  potato-scab. 

(c)  Unfavorable  action  on  crops.  Some  crops,  like 
watermelon,  cranberry,  serradella,  blue  lupine,  etc.,  give  best 
results  on  very  acid  soils  and  are  unfavorably  affected  by 
any  considerable  amount  of  calcium  compounds. 

Physical  effects  of  calcium  compounds. — ^The  chemical 
changes  produced  in  soil  by  calcium  compounds  are  accom- 
panied by  marked  physical  changes. 

(i)  Beneficial  effects. — Clay  soils  are  made  less  sticky, 
more  crumbly  and  more  easily  cultivated;  water  passes 
through  them  more  readily  as  the  result  of  increased 
porosity,  and  such  soils  furnish  more  congenial  conditions, 
in  general,  for  the  growth  of  plant-roots.  When  used  on 
some  sandy  soils,  in  small  amounts,  preferably  in  the  form 
of  carbonate,  calcium  tends  to  act  like  a  cement  in  holding 
soil  particles  together,  thus  enabling  the  soil  to  hold  water 
more  tenaciously. 

(2)  Harmful  effects. — ^The  most  common  harm  done 
soils  by  application  of  calcium  compounds  is  related  to  their 
structure.  Certain  sandy  and  gravelly  soils  are  made  too 
open  and  are,  therefore,  injured  by  large  application  of 
calcium  compounds,  especially  in  the  caustic  forms.  Muck 
and  peat  soils  may  be  injured  when  a  calcium  compound  is 
applied  in  a  thin,  superficial  layer;  the  surface  humus  is 
more  quickly  used  up  and  the  result  is  a  tendency  to  cause 
quick  injury  by  drouth  due  to  lack  of  water-holding  power. 
To  prevent  this,  the  calcium  compound  should  be  worked 
more  deeply  into  the  soil. 

PRACTICAL  USE  OF  CALCIUM  COMPOUNDS 

Having  learned  the  composition  of  different  calcium  com- 
pounds that  are  available  for  agricultural  use  as  indirect 
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fertilizers  and  having  stated  their  effects  when  applied  to 
soils,  we  now  come  to  a  consideration  of  some  of  the  more 
important  points  connected  with  the  practical  use  of  these 
compounds,  and  we  shall  treat  this  portion  of  our  subject 
under  the  following  divisions:  (i)  How  to  learn  if  a  soil 
needs  calcium,  (2)  how  much  and  how  often  to  apply, 
(3)  at  what  time  to  apply,  (4)  what  forms  to  use,  (5) 
how  to  apply,  (6)  commercial  classification  of  calcium 
compounds  for  agricultural  purposes. 


Beets  grown  on  acid  soil.    The  lot  to  the  left  on  a  plot  to  which 
lime  was  added,  while  that  on  the  right  was  unlimed.    Rhode  Island 

Station. 


How  to  learn  if  soils  need  calcium  compounds. — Three 

methods  can  be  used  to  ascertain  if  a  soil  is  deficient  in  cal- 
cium carbonate,  two  chemical,  one  agricultural:  (i)  Litmus- 
paper  test  for  acidity,  (2)  the  dilute  ammonia  test  for  soluble 
organic  matter,  and  (3)  the  growing  of  some  crop  that 
responds  favorably  to  calcium  carbonate. 

(i)  Litmus-test  for  acidity. — This  test  is  described  in 
full  on  page  142. 

(2)  Dihitc  ammonia  lest. — This  test  Is  described  on  page 
J  27. 
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(3)  Growing  of  crops  responsive  to  calcium  carbottate. 
The  foregoing  tests  have  the  advantage  of  rapidity  and 
simplicity  and,  when  both  used  on  the  same  soil,  they  may 
flive  reliable  indications,  but  there  are  cases  in  which  the 
results  may  leave  one  in  doubt  or  prove  misleading.  Though 
requiring  time  and  care,  the  most  reliable  test  is  to  raise 
on  the  soil  some  crop  that  requires  calcium  carbonate  in 
generous  amount,  such  as  red  clover  or  beets.  This  test  is 
made  by  growing  the  crop  on  small  portions  of  an  acre. 


Effect  of  liming  acid  soils  on  growth  of  clover.  The  large  pile  on 
the  left  was  grown  on  the  limed  plot,  the  very  small  pile  next  to  it 
being  weeds.  The  second  pile  from  the  right  shows  tne  clover,  atid 
the  pile  on  the  extreme  right  the  weeds  from  a  plot  of  the  same  area 
which  received  no  lime.    Rhode  Island  Station. 

where  the  soil  is  uniform,  one  portion  receiving  some  cal- 
cium compoimd  like  slaked  lime  or  the  carbonate  and  the 
other  portion  receiving  none.  In  other  respects  the  two 
portions  of  soil  are  treated  alike;  it  is  well  to  supply  both 
with  plant-food.  In  the  case  of  red  clover,  the  need  of  cal- 
cium carbonate  is  usually  indicated  when  the  crop  after 
starting  vigorously  in  the  spring  appears  later  to  stand  still 
in  growth  and  finally  disappears  in  part  or  wholly,  Tieets 
make  poor  growth  on  soils  deficient  in  calcium  carbonat'.:. 


382  FERTILIZERS  AND  CROPS 

It  has  also  been  frequently  noticed  that  horse-sorrel  and 
some  other  weeds  make  vigorous  growth  on  soils  deficient 
in  calcium  carbonate,  though  such  growth  does  not  always 
show  calcium  carbonate  deficiency. 

Amount  and  frequency  of  application. — ^The  amount  of 
calcium  compounds  to  apply  is  largely  governed  by  three 
factors:  (i)  The  character  of  the  soil,  (2)  the  kind  of  crops 
grown  and  (3)  the  form  of  calcium  used,  but  the  general 
rule  may  be  followed  in  nearly  all  cases  of  making  applica- 
tions in  smaller  quantities  at  more  frequent  intervals  rather 
than  large  amounts  once  in  several  years. 

( 1 )  Character  of  soil. — On  poor  soils  and  in  case  of  light, 
dry  soils,  the  amount  of  calcium  compounds  applied  should 
be  comparatively  small,  varying  from  500  to  1,500  pounds 
of  quicklime  an  acre  (equivalent  to  about  700  to  2,000 
pounds  of  slaked  lime  and  900  to  2,700  pounds  of  carbon- 
ate). On  heavy  clay  soils  and  on  soils  containing  large 
amounts  of  decaying,  acid,  organic  material,  the  application 
may  vary  from  i  000  to  4,000  pounds  of  quicklime  an  acre 
(equivalent  to  about  1,300  to  5,000  pounds  of  slaked  lime 
and  1,800  to  7,000  pounds  of  carbonate),  according  to  fre- 
quency of  application,  degree  of  soil  acidity,  etc.  Soils  rich 
in  organic  matter  can  utilize  calcium  compounds^  when  used 
in  large  amounts,  more  fully  and  with  less  danger  of  injury 
to  soil  or  crops  than  soils  that  are  deficient  in  organic  matter. 

In  rotations  lasting  5  or  6  years,  one  liming  will  suffice 
under  usual  conditions,  and  is  preferably  done  at  the  time 
when  the  largest  amount  of  organic  matter  is  in  the  soil, 
as  for  example  when  a  green  crop  or  sod  is  plowed  under 
In  general  we  cannot  emphasize  too  strongly  the  importance 
of  supplying  the  soil  with  abundance  of  vegetable  matter 
along  with  the  use  of  calcium  compounds. 

(2)  Kind  of  crops  grozvn. — Some  crops  are  little  affected 
by  the  amount  of  calcium  carbonate  present  within  wide 
limits,  and  the  amounts  applied  may  therefore  vary  widely 
without  materially  affecting  plant  growth,  other  conditions 
being  favorable*     However,  most  of  the  crops  commonly 
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grown  are  usually  benefited  by  occasional  use  of  calcium 
compounds  in  generous  amount.  Some  few  crops  appear 
to  be  quite  indifferent  to  the  presence  or  absence  of  calcium 
carbonate  in  the  soil,  while  a  few  plants  are  generally  injured 
when  much  is  present,  such  as  watermelon,  radish,  potato, 
blue  lupine,  serradella,  blackberry,  raspberry  and  a  few 
others  of  little  importance.  It  should  be  stated  that  calcium 
carbonate  may  be  applied  in  much  larger  amounts  than 
quicklime  or  slaked  lime  without  risk  of  injury  to  crops. 

(3)  Porm  of  calcium  compounds  used. — In  applying 
calcium  compounds,  we  must  keep  in  mind  that  the  constitu- 
ent of  value  supplied  is  calcium.  When  we  put  on  a  more 
dilute  form,  as  the  carbonate  or  the  hydroxide  (slaked  lime), 
we  must  use  more  than  when  we  apply  the  more  concen- 
trated form,  quicklime  or  calcium  oxide.  From  the  data 
given  on  page  371,  we  can  make  the  following  simple  rule 
to  find  out  how  to  make  the  necessary  calculations,  assum- 
ing that  the  different  forms  are  fairly  alike  in  purity  of 
composition :  To  find  out  how  much  slaked  lime  is  equal  to 
a  given  amount  of  quicklime,  multiply  the  number  of  pounds 
of  quicklime  by  1.3;  to  find  out  hoiv  much  calcium  cctrbon- 
ate  is  equal  to  a  given  amount  of  quicklime,  multiply  the 
number  of  pounds  of  quicklime  by  1.8. 

When  to  apply  calcium  compounds. — Generally  speak- 
ing, the  matter  of  convenience  may  guide  one  as  to  what 
particular  time  of  year  to  apply  calcium  compounds.  Usu- 
ally spring  is  more  convenient  than  fall.  The  character  of 
rotation  will  decide  in  many  cases.  In  general  the  applica- 
tion should  be  made  when  it  can  be  done  to  best  advantage 
in  the  rotation,  for  example,  before  seeding  to  clover  or  in 
connection  with  the  use  of  a  green-crop  manure.  When 
practicable,  autumn  is  the  best  time  to  apply  the  caustic 
forms,  quicklime  or  slaked  lime,  on  land  to  be  used  for 
spring  crops  as  well  as  on  permanent  grass  lands.  The 
power  of  these  compounds  to  injure  seeds  is  gradually  lost 
by  lying  in  the  soil,  since  they  are  changed  into  harmless 
carbonate.     Calcium  carbonate  can  be  applied  at  any  time 
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without  risk  of  injuring  seeds  or  crops.  In  case  of  fall 
seeding,  quicklime  or  slaked  lime  can  be  scattered  after 
plowing  and  then  harrowed  in  very  thoroughly.  For  many 
crops,  the  caustic  forms  of  calcium  may  be  applied  in  the 
spring  with  little  risk  of  injury  to  seeds,  provided  it  is 
worked  into  the  soil  completely  and  uniformly.  In  the  case 
of  very  sour  soils,  application  in  spring  is  often  very  bene- 
ficial. So  far  as  injury  to  seeds  is  concerned,  gypsum  can 
be  applied  at  any  time,  but  its  use  is  not  advised  for  direct 
application  to  soils. 

When  fertilizers  containing  ammonia  compounds  arc  to 
be  applied  to  a  soil  receiving  quicklime  or  slaked  lime,  it 
is  well  to  apply  the  latter  two  weeks  before  the  fertilizer 
in  order  to  avoid  risk  of  loss  of  ammonia.  Stable  manure 
should  be  very  thoroughly  incorporated  in  the  soil  when  the 
caustic  compounds  of  calcium  are  to  be  used ;  on  soils  pos- 
sessing little  power  of  retaining  ammonia,  like  light,  sandy 
soils,  farm  manure  should  not  be  applied  until  some  weeks 
after  caustic  calcium  compounds  are  used. 

What  form  of  calcium  to  use. — The  particular  calcium 
compfound  that  should  be  used  must  be  determined  by  the 
conditions  attending  each  farmer,  among  which  the  follow 
ing  are  the  most  important:  (i)  The  cost  of  the  calcium, 
(2)  the  character  of  the  soil,  (3)  the  kind  of  crop,  (4)  the 
rapidity  of  action  desired,  (5)  fineness  of  division,  and  (6) 
convenience  of  handling. 

(i)  Cost, — When  the  material  has  to  be  freighted  or 
drawn  a  long  distance,  quicklime  in  the  form  of  commercial 
stone-lime  or  lump-lime  should  be  found  cheapest,  since  it 
is  the  most  concentrated  form,  containing  per  100  poimds 
more  of  the  desired  element,  calcium,  than  any  other  form 
suited  to  agricultural  use.  In  the  table  following  we  show 
at  what  price  one  should  be  able  to  purchase  good  quality 
of  slaked  lime,  cartonate  or  limestone,  and  sulphate,  when 
quicklime  of  good  quality  can  be  purchased  at  the  prices 
given  in  the  first  column.    The  prices  given  assume  high 
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grade  of  purity  and  equal  fineness  of  division,  which  is  not 
tb.e  actual  case  in  carbonate  and  gypsum. 

Table  39 — Comparison  of  Prices  for  Different 

Calcium  Compounds 


Cost  of  one  ton  of 

Equivalent  prices  at  which  should  be  purchased  one  ton  ol 

quicklime  (CaO) 

Slaked  lime 
CaH202 

Carbonate 
(CaCOs) 

Gypeum 
(CaS07.2H20) 

$8.00 
7.00 
6.00 
5.00 
4.00 
3.00 

$6.05 
5.30 
4.55 
3.80 
3.05 
2.30 

$4.50 
3.95 
3.40 
2.80 
2.25 
1.70 

$2.60 
.  2.30 
1.9S 
1.65 
1.30 
1.00 

Stone-lime  (quicklime)  of  high  grade  can,  at  the  time 
of  this  writing,  be  purchased  by  the  writer  for  about  $5 
a  ton,  delivered.  To  obtain  calcium  at  the  same  cost  per 
pound,  it  would  be  necessary  to  pay  for  slaked  lime  only 
$3,80  a  ton,  for  carbonate  $2.80  and  for  gypsum  $1.65.  As 
a  matter  of  fact,  none  of  these  more  dilute  calcium  com- 
pounds can  be  purchased  in  the  writer's  neighborhood  at 
anything  like  these  prices.  For  example,  high-grade  car- 
bonate in  the  form  of  fine-ground  marl,  costs  $4  to  $5  a  ton 
in  addition  to  freight  and  drawing  from  railway  station, 
making  each  pound  of  calcium  cost  nearly  twice  as  much  as 
in  the  quicklime. 

There  are  in  the  market  calcium-containing  materials  sold 
under  various  names,  such  as  agricultural  lime,  prepared 
lime,  hydrated  lime,  etc.,  some  of  which  are  slaked  lime, 
some  carbonate  and  some  mixtures  of  the  two.  In  some 
cases  their  coarseness  greatly  reduces  their  efficiency.  They 
are  usually  sold  at  prices  ranging  from  $8  to  $10  a  ton,  much 
higher  than  the  best  grade  of  commercial  lump-lime,  on  the 
basis  of  imjustifiably  extravagant  claims  for  peculiar  virtues 
and  superior  merits.  Farmers  are  strongly  advised  not  to 
purchase  these  much-advertised  materials,  because  they  will 
always  be  found  needlessly  expensive.    Some  of  these  prepa- 
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rations  have  the  advantage  over  commercial  lump-Iime  in 
that  they  can  be  used  without  slaking,  but  under  the  cir- 
cumstances this  convenience  costs  too  much.  The  cost  of 
gypsum  is  prohibitive,  and  when  we  consider  its  serious 
limitations  and  few  advantages,  we  can  hardly  regard  it 
as  a  material  that  can  be  profitably  used  except,  perhaps, 
for  direct  application  to  stable  manure  (p.  317). 

(2)  Character  of  soil. — On  light,  sandy  or  very  porous 
soils  and  on  any  soils  low  in  amount  of  organic  matter, 
application  of  caustic  forms  of  calcium  compounds  tends  to 
hasten  the  decomposition  of  organic  matter,  unless  used  in 
amounts  of  less  than  1,000  pounds  an  acre.  It  is  safer, 
therefore,  to  use  on  such  soils  the  carbonate  which  can  be 
applied  in  large  amoimts  without  risk  of  injury.  On  heavy, 
clay  soils  and  on  soils  rich  in  organic  matter,  caustic  forms 
of  calcium  can  be  used  in  large  amounts  (i  to  2  tons  of 
quicklime)  without  danger  of  decomposing  humus  too  rap- 
idly. The  effect  that  quicklime  and  slaked  lime  have  on 
organic  matter  should  always  be  met  by  keeping  an  abundant 
supply  of  vegetable  matter  in  the  soil  by  means  either  of 
farm  manure  or  of  green-crop  manures.  On  some  soils  that 
contain  large  amounts  of  magnesium  compounds,  it  is  desir- 
able to  avoid  the  use  of  lime  rich  in  such  compounds.  How- 
ever, on  most  soils,  no  trouble  occurs  from  the  presence  of 
such  compounds  in  the  material  used  for  liming. 

(3)  Kind  of  crop. — In  the  case  of  crops  which  are  so 
sensitive  to  an  alkaline  condition  of  soil  as  to  be  injured, 
tlie  use  of  carbonate  is  preferable.  For  crops  that  flourish 
best  in  neutral  or  slightly  alkaline  condition  of  soil,  quick- 
lime or  slaked  lime  can  be  used  with  the  precaution  of 
avoiding  application  of  excessive  amounts  (p.  382). 

(4)  Rapidity  of  action. — Quicklime  is  changed  into 
slaked  lime  before  it  becomes  chemically  active  under  ordi- 
nary soil  conditions.  Properly  slaked,  quicklime  forms  a 
finer  powder  than  it  is  possible  to  obtain  with  ground  lime^ 
stone  or  marl ;  it  can  therefore  be  more  thoroughly  and  uni- 
formly distributed  through  the  soil,  a  condition  that  enables 
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It  to  act  more  quickly.  Moreover,  freshly  slaked  lime  con- 
sists mostly  of  calcium  hydroxide,  which  is  more  soluble  in 
water  than  the  carbonate  (p.  373),  and  the  usual  difference 
of  solubility  is  made  greater  by  the  extreme  fineness  of  the 
slaked  lime.  This  solubility  is  an  important  factor  when 
a  freshly  limed  soil  receives  abundance  of  rain,  because  a 
considerable  amount  of  hydroxide  goes  into  solution  and  on 
this  account  is  more  quickly  and  uniformly  distributed 
through  the  soil.  Then,  again,  calcium  hydroxide,  on  account 
of  its  somewhat  greater  solubility,  is  more  active  than  the 
carbonate  in  producing  chemical  changes  in  the  soil.  It  is 
true,  of  course,  that  the  slaked  lime  changes  completely 
into  carbonate  sooner  or  later,  but  some  weeks  are  required 
to  complete  the  change  even  under  favorable  conditions,  and 
during  the  intermediate  period,  previous  to  complete  change 
into  carbonate,  the  slaked  lime  must  be  regarded  as  more 
active  chemically  than  carbonate. 

(5)  Fineness  of  division, — This  has  been  referred  to  in 
the  preceding  paragraph.  Quicklime  in  the  form  of  com- 
mercial lump-lime  or  stone-lime  must  be  slaked  in  order  to 
permit  even  distribution  in  the  soil.  In  properly  slaked 
lime  we  have  as  fine  a  powder  as  it  is  possible  to  get.  Ground 
limestone  and  marl  are  not  nearly  as  fine  as  well-slaked 
lime.  For  the  more  prompt  action  of  ground  limestone,  not 
less  than  75  per  cent,  should  pass  a  sieve  with  100  meshes  to 
the  linear  inch.  Where  quick  action  is  not  desired,  some 
have  used  with  apparent  success  coarser  limestone,  60  per 
cent,  passing  a  50-mesh  sieve,  but  none  coarser  than  required 
to  pass  a  lo-mesh  sieve.  When  it  will  answer  the  purpose, 
limestone  coarsely  ground  has  the  advantage  of  costing  less 
than  that  finely  ground. 

(6)  Convenience  of  handling, — The  slaking  of  lump- 
lime  and  the  distribution  of  the  slaked  lime  cause  some 
inconvenience  and  unpleasantness  in  handling.  This  disa- 
greeable feature  can  be  avoided  by  mixing  the  slaked  lime 
with  earth  before  distributing  or  by  the  use  of  ground 
burned  lime,  which  is  used  for  building  purposes,  coming 
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into  the  market  in  granular  condition,  and  whicli  is  sold  at 
reasonable  prices.  This  can  be  handled  with  comparatively 
little  trouble  because  it  is  usually  put  up  in  tight  bags  and 
does  not  require  slaking  before  application.  Much  of  the 
disagreeableness  of  distributing  fine,  slaked  lime  can  be 
avoided  by  using  a  lime-spreader.  Ground  limestone 
or  marl  is  also  convenient  to  handle  and  is  less  disagree- 
able than  slaked  lime. 

How  to  apply  calcium  compounds  to  soils. — In  apply- 
ing calcium  compounds  to  soils,  three  facts  should  be  kept 
in  mind :  ( i )  The  lime  should  be  distributed  for  the  most 
part  in  the  upper  layer  of  the  soil,  say  within  3  or  4  inches 
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of  the  surface;  (2)  it  should  be  distributed  as  uniformly 
and  thoroughly  as  possible  through  the  soil;  (3)  in  case  of 
quicklime,  it  should  be  put  into  the  soil  while  mostly  in  the 
form  of  slaked  lime  or  hydroxide  and  before  being  changed 
more  than  slightly  into  carbonate. 

The  most  convenient  form  of  lime  to  apply  is  probably 
the  ground  quicklime  that  is  furnished  for  building  purposes 
and  which  can  usually  be  distributed  with  a  fertilizer-drill. 
There  are,  however,  special  lime-spreaders  which  are  more 
convenient. 
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Freshly  burned  lump-lime  may  be  slaked  in  a  large  pile 
near  the  field  and  then  distributed;  but  when  one  has  no 
special  means  for  distributing  the  slaked  lime,  it  is  more 
convenient  and  comfortable  '  ider  ordinary  conditions  to 
distribute  the  lump-lime  in  small  piles  over  the  field  after 
the  land  is  prepared  for  a  crop.  A  little  water  (equal  to 
about  one-third  the  weight  of  the  lime  or  about  4  gillons 
of  water  for  one  bushel  of  lime),  is  slowly  poured  on  each 
heap  and  the  lime  covered  with  fine  earth.  To  secure  the 
finest  powder  possible,  the  slaking  should  not  take  place 
too  rapidly;  the  use  of  too  much  water  should  be  avoided. 
When  thoroughly  slaked,  the  powder  is  mixed  with  more  fine 
earth  to  make  it  less  disagreeable  to  handle  and  distributed 
with  a  shovel  as  evenly  as  possible,  after  which  it  is  promptly 
harrowed  into  the  soil  very  thoroughly.  The  size  and  fre- 
quency of  the  heaps  of  lime  may  be  regulated  by  remember- 
ing that  20-pound  heaps  placed  20  feet  apart  make  about 
one  ton  to  the  acre ;  or  25  heaps  of  quicklime  with  one  bushel 
in  each,  make  about  one  ton.  After  being  spread,  slaked 
lime  should  not  be  allowed  to  lie  upon  the  surface  overnight 
or  during  showers,  owing  to  its  tendency  to  cake  and  form 
lumps  or  crust,  thus  changing  it  from  a  fine  powder  into 
coarse  particles  or  lumps. 

Air-slaking  is  not  advised,  because  it  takes  too  long  and 
the  product  is  more  largely  carbonate  than  slaked  lime 
proper. 

Commercial  classification  of  agricultural  calcium  com- 
poundsc — The  importance  of  calcium  compounds  in  rela- 
tion to  agriculture  is  shown  by  the  action  taken  in  adopting 
certain  standards  to  be  used  as  a  basis  in  purchasing  such 
materials.  The  following  schedule  (with  some  explanatory 
modifications)  was  adopted  in  1909  by  agreement  between 
the  directors  of  the  New  England  and  New  Jersey  agricul- 
tural stations  and  a  special  committee  of  the  National  Lime 
Manufacturers'  Association : 
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Coxmnezci&l 

lime 

compoondt 


(1)  High 
calcium 


(2)  Dolomitic 
or  high  mag- 
nfidum 


(1)  Hydrate 
(Slalced  lime, 
calcium  hydrox- 
ide, CaHsOs) 


(2)  Caustic 
(puicldime. 
Calcium  03ude 
CaO) 


(OSpraying 


,  (2)  Land 


(1)  Lump 

(2)  Fine 

(3)  Ground 


(3)  Ground  limestone  (CaCOs) 


(4)  Kiln-slaked 


Must  contain  93% 
combined  oxide  and 
hydrate  and  all  pass 
a  standard  100- 
mesh  sieve 

Must  contain  not 
less  than  90%  com- 
b  i  n  e  d  oxide,  hy- 
drate and  carbon- 
ate.  of  which  not 
over  25%  shall  be 
carbonate 

Must  contain  90% 
combined  oxide  and 
carbonate  of  which 
not  more  than  10% 
shall  be  carbonate, 
excepting  ground, 
which  may  be  20% 
carbonate 

Must  contain  90% 
combined  carbon- 
ates and  pass  50- 
mesh  sieve 


(Not  fi[uaranteed, 
contains  core,  ashes* 
and  refuse 


All  shipments,  except  kiln-slaked,  to  be  accompanied  by  a 
statement  showing:  (i)  Proper  class  names  and  (2)  guar- 
anteed analysis,  in  which  the  respective  percentages  of  cal- 
cium and  magnesium  oxides  are  given.  Package  shipments 
to  show  class  and  analysis  on  each  package.  Bulk  shipments 
to  have  class  and  analysis  statement  attached  either  to 
invoice  or  inner  side  of  car.  All  lime  to  be  sold  by  cwt.  or 
ton.    Analyses  to  be  those  at  kiln  and  guaranteed. 

MISCELLANEOUS  MATERIALS  USED  AS 
INDIRECT  FERTILIZERS 

In  addition  to  calcium  compounds  and  green-manure 
crops,  many  materials  have  been  used  as  indirect  fertilizers, 
some  of  undoubted  value  under  special  conditions  and  others 
of  doubtful  value  or  capable  of  positive  harm.  It  is  not 
desirable  that  we  should  discuss  all  these  different  mate- 
rials, but  we  will  select  for  brief  notice  a  few  about  which 
there  is  occasional  inquiry  for  information.    The  materials 
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to  be  discussed  are  the  following:  (i)  Muck,  peat,  etc.,  (2) 
common  salt,  (3)  magnesium  compounds,  (4)  sulphate  of 
iron,  (5)  soot,  (6)  coal  ashes. 

Mucl^  peat,  etc. — The  properties  and  composition  of 
these  materials  have  been  already  considered  (p.  123). 
Their  chief  function  as  indirect  fertilizers  is  du-e  to  their 
organic  matter.  The  nitrogen  they  contain  is  slowly  avail- 
able. The  effect  of  these  materials  is  mainly  physical,  light- 
ening clay  soils  and  making  them  more  porous,  while  render- 
ing sandy  soils  more  compact  and  more  tenacious  in  holding 
water.  In  order  to  produce  much  effect  on  soils  large 
amounts  of  muck  or  peat  need  to  be  added,  20  to  40  tons  or 
more.  Muck  is  more  quickly  effective  and  easier  to  incor- 
porate into  the  soil  evenly  than  peat.  These  materials  can- 
not usually  be  economically  employed  unless  close  at  hand 
and  easy  to  handle.  They  should  be  removed  and  allowed 
to  air-dry  before  distribution.  Green  crops  will  generally 
l>e  found  the  most  efficient  source  of  organic  matter. 
Muck  and  peat  are  best  employed  to  mix  with  stable 
manure  as  an  absorbent  or  as  part  of  a  compost  mixture. 
While  performing  a  useful  service  in  saving  urine  in  the 
stable,  the  insoluble  nitrogen  of  the  muck  and  similar  mate- 
rials is  made  available  more  quickly  when  mixed  with  stable 
manure  than  when  the  muck  is  put  into  the  soil  directly. 

A  good  bed  of  muck  or  peat  on  a  farm  should  be  regarded 
as  an  important  source  of  soil  fertility,  though  largely  indi- 
rect. It  should  be  utilized  systematically  in  one's  plans  for 
improving  the  soil.  The  value  of  these  materials,  when  they 
are  rightly  utilized,  can  hardly  be  overestimated. 

Common  salt. — Common  salt,  consisting  largely  of 
sodium  chloride  (p.  58),  has  been  used  from  time  imme- 
morial in  agriculture,  but  its  method  of  action  has  been 
little  understood  until  recently  and  probably  not  fully  even 
now.  The  form  mostly  used  at  present  is  known  as  "agri- 
cultural salt,*'  which  is  refuse  salt,  too  impure  to  utilize  in 
regular  commercial  ways.  The  chief  action  of  salt  is  believed 
to  be  that  of  changing  the  potassium  from  an  insoluble  to  a 
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soluble  form  of  combination.  It  also  appears  to  economize 
the  amount  of  potash  used  by  crops  in  the  case  of  root  crops. 
Its  extensive  use  on  asparagus  is  of  doubtful  value  aside 
from  the  setting  free  of  potassium.  In  some  cases  experi- 
ments appear  to  show  that  salt  renders  insoluble  phosphates 
soluble,  while  other  experiments  show  the  reverse.  If  used 
at  all,  it  should  be  employed  at  first  only  experimentally  on  a 
small  scale.  The  amount  to  use  may  vary  from  200  to  600 
pounds  an  acre.  Larger  applications  at  one  time  should  be 
avoided 

Another  effect  of  salt  is  to  hold  soil  moisture  and  regulate 
to  some  extent  the  upward  movement  of  water.  The  extent 
of  this  action  is  of  theoretical  interest  more  than  of  practi- 
cal importance.  Such  crops  as  tobacco,  sugar-beets,  potatoes 
are  injured  in  quality  by  application  of  salt  on  account  of 
the  chlorine  in  it.  Its  use  cannot  ordinarily  be  advised  unless 
it  can  be  obtained  for  not  more  than  $2  or  $3  a  ton.  One- 
third  of  kainite  is  common  salt. 

Magnesium  compounds. — Carbonate  and  sulphate  of 
magnesium  have  been  used  to  a  limited  extent  as  indirect  fer- 
tilizers. Their  action  is  like  that  of  common  salt  and  cal- 
cium compoimds  in  changing  unavailable  into  available  potas- 
sium. Kainite  is  about  one-sixth  magnesium  sulphate. 
The  sulphate  of  potash  and  magnesium  is  about  one-third 
magnesium  sulphate.  The  use  of  magnesium  sulphate  or 
carbonate  cannot  be  recommended  except  in  those  rare  cases 
of  soils  that  are  deficient  in  magnesium. 

Sulphate  of  iron. — Sulphate  of  iron  is  mentioned 
chiefly  for  the  purpose  of  stating  that  its  agricultural  use 
has  not  been  justified  by  reliable  experimental  evidence. 
Claims,  based  on  inference  rather  than  on  the  results  of  rigid 
experimental  investigation,  have  been  made  to  the  effect 
that  the  bright  coloring  of  apples  and  certain  flowers  is  due 
to  the  presence  of  iron  compounds.  The  use  of  sulphate  of 
iron  or  other  iron  compounds  for  the  sake  of  supplying  iron 
to  crops  can,  when  viewed  in  the  present  state  of  our  knowl- 
edge, be  regarded  as  wasted  effort.     All  agricultural  soils 
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contain  relatively  immense  amounts  of  iron  compounds, 
when  we  consider  the  extremely  minute  amounts  used  by 
plants. 

Soot. — While  soot  is  to  be  regarded  primarily  as  a 
nitrogenous  fertilizer,  containing  on  an  average  about  3 
per  cent,  of  nitrogen  in  the  form  of  ammonia  compounds, 
though  varying  all  the  way  from  0.5  to  1 1  per  cent.,  it  also 
possesses  important  properties  as  an  indirect  fertilizer.  On 
account  of  its  dark  color,  it- absorbs  heat  when  sprinkled  on 
the  surface  of  soil  and  appreciably  raises  the  temperature 
of  the  surface  soil.  Soot  is  very  effective  in  lightening 
heavy  soils.  Another  property,  not  a  part  of  its  action  on 
soil,  is  its  insecticidal  value  in  case  of  slugs  and  small 
snails,  which  sometimes  injure  grain  and  other  crops  in  their 
early  stage  of  growth.  Its  use  is  of  necessity  limited  on 
account  of  lack  of  supply.  It  is  usually  used  as  a  top- 
dressing  in  spring  on  cereal  crops. 

Coal  ashes. — Coal  ashes  possess  marked  value  for  their 
power  to  lighten  heavy  soils,  and  may  be  advantageously 
used  for  this  purpose  when  near  at  hand  and  available  with- 
out further  cost  than  that  of  hauling  to  field. 
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CHAPTER  XXI 

CONDITIONS   OF  EFFECTIVE  USE  OF  FERTI- 

LIZERS 

In  using  fertilizers,  whether  commercial  or  farm- 
produced,  whether  direct  or  indirect,  it  is  highly  desirable 
to  know  as  far  as  possible  something  of  the  conditions 
under  which  they  can  be  used  with  most  effective  re- 
sults. It  is  necessary  to  discuss  this  subject  as  a  pre- 
liminary to  taking  up  two  fundamental  questions  of  prac- 
tical importance  that  sooner  or  later  come  to  every 
farmer;  (i)  Under  what  conditions  is  it  necessary  to  use 
fertilizers?  (2)  What  fertilizers  will  give  greatest 
profit?  These  questions  are  asked  most  frequently  with 
reference  to  commercial  fertilizers  and  will  be  consid- 
ered more  particularly  with  reference  to  them,  but  they 
are  pertinent  also  to  all  fertilizing  materials. 

With  most  farmers,  the  conditions  determining  the 
efficiency  of  fertilizers  have  been  the  last  things  to  be 
thought  of,  if  considered  at  all.  Farmers  who  purchase 
fertilizers  blindly,  on  the  sole  basis  of  the  hope  of  obtain- 
ing larger  crops  and  greater  net  income,  inevitably  run 
the  risk  of  throwing  away  money  by  buying  what  may 
not  give  good  commercial  returns,  due  either  to  applying 
constituents  not  needed  or  to  the  application  of  needed 
materials  under  conditions  so  abnormal  as  not  to  permit 
of  proper  utilization  by  crops.  Many  millions  of  dollars 
annually  have  been  and  are  being  spent  for  fertilizers 
without  any  adequate  return  and  therefore  at  a  positive 
loss. 

In  Part  I,  we  have  studied  the  more  prominent  facts 
underlying  our  knowledge  of  plant  nutrition,  including 
the  relation  of  plant-foods  to  soils.     In  presenting  the 
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facts,  we  have  made  an  effort  to  keep  In  mind  that  the 
effectiveness  of  plant-foods  in  relation  to  crop  produc- 
tion, especially  when  applied  in  the  form  of  purchased 
fertilizers,  is  unavmdably  connected  with  and  dependent 
upon  numerous  otiier  factors.    It  is  out  purpose  now  to 
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review  and  summarize  the  more  important  facts,  pre- 
liminary to  taking  up  a  detailed  study  of  the  practical 
use  of  fertilizers  in  crop  growing. 

When  considered  in  the  most  comprehensive  way,  sev- 
eral kinds  of  factors  enter  into  the  successful  growing 
of  crops,  such  as  (i)  the  personal  knowledge  and  ability 
of  the  grower  himself,  (2)  the  negative  factors  that  ap- 
pear in  the  form  of  insect  pests,  plant  diseases,  etc.,  (3)' 
most  important  for  our  purpose,  the  natural  factors 
that  directly  determine  the  conditions  of  plant  growth. 
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and  (4)  artificial  methods  of  control,  including  (a)  til- 
lage, (b)  crop  rotations  and  (c)  fertilizers.  We  will 
briefly  consider  the  direct  natural  factors  as  preliminary 
to  a  study  of  crop  rotation  and  fertilizers.  The  subject 
of  tillage  has  been  already  (p.  153)  discussed  as  much  as 
the  limits  of  this  book  permit. 

External  natural  factors  of  crop  production. — The  nat- 
ural factors  that  directly  control  plant  growth  proper 
may  be  conveniently  divided  into  two  sets,  those  exter- 
nal to  the  soil  and  those  directly  centered  in  the  soil 
itself. 

In  the  first  set  of  factors,  we  have:  (i)  Good  seed, 
(2)  sunshine  (light  and  warmth),  (3)  physiological 
peculiarities  of  plant  or  crop,  requiring  adaptation  of 
crops  to  conditions  of  climate,  etc.,  and  (4)  sufficient 
rainfall  favorably  distributed  in  time. 

Without  detailed  discussion,  it  is  obvious  that  the  use 
of  fertilizers  is  vain  when  any  of  these  factors  is  respon- 
sible for  poor  crops.  In  general,  we  assume,  in  the  treat- 
ment of  our  subject,  that  such  fundamental  conditions 
are  always  carefully  considered  by  farmers  before  they 
attempt  to  grow  any  particular  crop,  though  there  are 
probably  many  exceptional  cases,  especially  when  new 
crops  or  new  varieties  are  being  grown  experimentally 
for  the  first  time.  It  is  obvious,  also,  that  some  of  these 
tonditions  are  not  under  our  control  and,  when  they  are 
unfavorable,  it  is  hopeless  to  work  against  them. 

Good  seed. — One  of  the  fconditions  that  can  be  con- 
trolled IS  that  of  seed,  a  fact  that  has  been  emphasized 
in  recent  years.  It  is  probable  that  the  important  rela- 
tion of  good  seed  to  successful  crop  production  has  never 
been  so  fully  appreciated  as  at  the  present  time.  Wc 
will  briefly  mention  some  of  the  more  important  facts 
in  this  connection. 

By  careful  selection  and  breeding,  varieties  of  seed 
have  been  obtained  that  are  especially  adapted  to  cer- 
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tain  climatic  conditions,  so  that  one  variety  will  produce 
two  or  three  times  as  large  a  crop  as  another,  when  both 
are  grown  under  the  same  soil  conditions.  For  example, 
the  provincial  department  of  agriculture  has  developed 
varieties  of  early  maturing  wheat   well   adapted   to  the 

conditions  of  the  short  hot  summers 
of  the  Canadian  Northwest.  The 
Illinois  experiment  station  has  pro- 
duced variations  in  corn  such  that 
one  variety  contains  much  more  pro- 
tein, while  another  contains  much 
more  oil.  Similarly,  beets  grown 
from  some  varieties  of  seed  contain 
less  than  5  per  cent,  of  sugar,  while 
those  grown  from  other  selected 
varieties  commonly  contain  12  per 
cent,  and  sometimes  over  16  per  cent. 
It  is  well  known  that  in  different 
lots  of  the  same  variety  of  seed  im- 
portant differences  are  found.  Gen- 
erally speaking,  seeds  that  are  large, 
plump  and  well-ripened  give  better 
crop  yields  than  small  seed  or  those 
that  are  immature  or  shrunken.  The 

Plants  from  heavy  and  '^"^P^''^^"^^    ^^    seed    selection    has 
light  seed.    a.  Plant  on  been  especially  well  illustrated  in  the 

the  right  from  seed  case  of  corn  growing,  the  yield  hav- 
weighing  .847  gram.     0.   •         t  ^.i       •  j  xt^ 

Plant  on  the  left  from  ^^^  been  greatly  increased  as  the 
seed  A^eighing  .389  gram,  the  result  of  care  and  intelligence  in 
Bureau   of    Plant   In-  this  matter. 

DUSTRY,    U.    S.    DePT.     of  t-»       -^  r  j      •  .1 

Agr.  Furity    of    seed    is    another    im- 

portant condition.  The  necessity 
of  freedom  from  weed  seeds  needs  no  discussion. 
Farmers  should,  in  case  of  doubt,  purchase  only 
from  reliable  parties  under  a  guarantee  of  purity  and 
should  have  their  seeds  tested  in  respect  to  purity.  This 
work  of  testing  is  generally  performed  gratuitously  at 


ENGLISH  BEAN 


THE  EFFECTIVE  USE  OF  FERTILIZERS  4OI 

any  of  the  agricultural  colleges  or  experiment  stations. 

Soil  factors  of  crop  production. — The  second  set  of  nat- 
ural factors  that  directly  control  crop  yield  are  those 
directly  centered  in  the  soil  itself,  and  are  the  ones 
which  particularly  call  for  our  consideration.  The  condi- 
tions required  in  soils  to  promote  the  growth  of  crops 
are: 

(i)  Abundance  of  available  plant-food. 

(2)  A  suitable  physical  structure,  (a)  which  combines 
mellowness  and  firmness,  permitting  plant-roots  to  ex- 
tend their  growth  freely;  (b)  which  enables  the  soil  to 
receive  water  easily,  distribute  it  uniformly,  hold  it  with 
sufficient  tenacity,  and  give  it  up  as  needed  by  plants; 
(c)  which  permits  some  circulation  of  air,  furnishinj>- 
needed  supplies  of  oxygen ;  and  (d)  which  makes  the  soil 
able  to  absorb  heat  and  maintain  a  degree  of  warmth 
suited  to  plant  growth. 

(3)  The  presence  of  beneficial  micro-organisms  and 
conditions  favorable  to  their  growth. 

(4)  The  absence  of  substances  poisonous  to  plants,  in- 
cluding acids,  inorganic  salts,  and  organic  compounds. 

A  soil  may  contain  an  abundance  of  available  plant- 
food  and  yet  fail  to  grow  satisfactory  crops,  if  any  seri- 
ous defect  exists  in  the  soil  structure  or  if  poisonous  sub- 
stances aro  present.  When  it  comes  to  the  economical 
use  of  certain  forms  of  plant-food  supplies  and  the  con- 
version of  unavailable  into  available  forms,  then  we  must 
also  take  into  consideration  the  presence  of  micro-organ- 
isms and  the  conditions  affecting  their  existence  and 
growth.  We  may  briefly  repeat  here  what  has  already 
been  more  fully  stated  in  Part  I,  that  the  physical  con- 
ditions most  favorable  to  the  growth  of  plant-roots  are 
the  precise  conditions  that  are  most  favorable  to  the 
growth  of  desirable  agricultural  micro-organisms. 

We  have  previously  learned  (p.  loi)  that  the  physi- 
cal structure  of  a  soil  is  largely  governed  by  the  texture 
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or  fineness  of  particles  and  by  the  arrang^ement  of  the  soil 
particles,  the  best  structure  being  that  known  as  the 
granular  or  crumbly  structure.  Soil  structure  is,  to  a 
large  extent,  under  control  and  is  influenced  by  tillage  * 
(p.  103),  decaying  organic  matter  (p.  135),  drainage  (p. 
156),  root  growth  (p.  103),  soluble  salts  (p.  103),  etc. 
Any  one  of  the  numerous  conditions  unfavorably  affect- 
ing soil  structure  may,  therefore,  make  useless  the  appli- 
cation of  plant-food  materials. 

Selecting  the  special  conditions  or  factors  which  most 
commonly  affect  the  extent  to  which  crops  are  influenced 
by  plant-foods  and  which  are  largely  controllable,  we 
would  emphasize  the  following  as  of  special  importance 
in  this  connection : 

(1)  Soil  organic  matter. 

(2)  Soil  acidity. 

(3)  Soil  structure. 

(4)  Soil  moisture. 

In  order  to  have  plant-food  utilized  by  plants  to  best 
advantage,  we  must  have,  for  the  reasons  presented  in« 
the  earlier  chapters  of  this  book,  an  abundance  of  decay- 
ing organic  matter  (p.  117),  a  soil  free  from  acid  com- 
pounds in  case  of  most  crops  (p.  140),  an  abundance  of 
soil  moisture  (p.  145),  and  a  soil  structure  that  permits 
the  best  conditions  for  root  growth  (p.  92).  It  is  ob- 
vious that  these  conditions  are  more  or  less  interdepend- 
ent, though,  for  the  purpose  of  emphasis,  we  have  arbi- 
trarily separated  them.  One  must  first  make  sure  that 
the  soil  conditions  are  satisfactory  in  these  respects  as 
a  preliminary  step  in  ascertaining  when  it  is  necessary 
to  use  fertilizers.  If  any  defects  in  these  respects  exist, 
they  must  be  corrected,  and  this  may  be  done,  accord- 
ing to  the  special  demands  peculiar  to  each  case,  by  sup- 
plying organic  matter  through  the  agency  of  farm 
manure  (p.  316)  or  of  green  crops   (p.  348),. draining 
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(p.  156),  irrigating  (p.  159),  liming  (p.  363),  improved 
tillage  (p.  153),  etc. 

Relation  of  soil  conditions  to  available  plant-food.-— 
'  The  fact  cannot  be  too  strongly  emphasized  that  the 
conditions  of  the  soil  to  which  attention  has  been  called 
in  connection  with  efficiency  of  applied  fertilizers  are  just 
the  conditions  that  are  most  effective  in  changing  the 
unavailable  or  slowly  available  forms  of  soil  plant-food 
into  readily  available  forms.  The  best  methods  of  soil 
management  have  for  one  of  their  chief  purposes  the 
utilization  of  the  slowly  available  plant-food  supplies 
present  in  the  soil,  making  them  gradually  available  dur- 
ing the  crop-growing  season  in  amounts  sufficient  to 
meet  the  needs  of  crops. 

With  the  foregoing  statements  in  mind,  it  can  readily 
be  appreciated  how  hopeless  it  is  to  try  to  answer  some 
of  the  questions  asked  by  farmers,  one  of  the  most  com- 
mon of  which  is:  "What  fertilizer  will  give  me  the  best 
results  for  this  or  that  particular  crop?"  It  is,  of  course, 
impossible  to  give  any  definite,  reliable  answer  to  such 
a  general  question,  involving  so  many  different  factors, 
none  of  which  is  clearly  known.  As  we  have  repeatedly 
pointed  out,  the  composition,  the  physical  properties  and 
the  biological  conditions  of  the  soil,  the  extent  and  man- 
ner in  which  it  has  been  previously  cropped,  fertilized 
and  managed,  the  kind  of  crop  one  wishes  to  grow,  all  of 
these  conditions  need  to  be  known,  and  even  then  it  will 
require  some  practical  experimenting  on  the  part  of  the 
individual  farmer  to  determine  what  forms  and  amounts 
of  fertilizers  he  can  use  most  economically. 

During  the  past  generation  our  knowledge  of  the  func- 
tions and  proper  use  of  fertilizers  has  been  largely  in- 
creased as  the  result  of  experimental  investigation,  and 
even  more  rapid  advances  are  now  being  made;  yet  we 
must  confess  that  with  all  these  additions  of  knowledge 
and  experience,  there  is  yet  no  simple  way  of  determin- 
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ing  beyond  doubt  when  and  how  best  to  use  fertilizers  in 
crop  growing.  The  conditions  involved  are  extremely 
complex  and  do  not  usually  permit  any  reliable,  short- 
cut methods  of  reaching  satisfactory  conclusions. 

In  selecting  fertilizers  for  use,  we  need  to  consider 
numerous  questions  of  fundamental  importance,  among 
which  we  mention  the  following: 

1.  Conditions  under  which  fertilizers  should  be  used. 

2.  The  specific  constituents  of  plant-food  needed. 

3.  The  amount  of  each  fertilizing  constituent  needed. 

4.  The  forms  in  which  it  is  best  to  supply  plant-food 
constituents. 

5.  Facts  about  commercial  fertilizers. 

6.  Home-mixed  fertilizers. 

7.  Methods  and  seasons  of  applying  fertilizers. 

8.  Crop-rotation  in  relation  to  the  use  of  fertilizers. 

9.  Plant-food  mixtures  for  different  crops. 


CHAPTER  XXII 

CONDITIONS  REQUIRING  FERTILIZERS— 
PLANT-FOOD  CONSTITUENTS  NEEDED 

In  the  case  of  fertile  virgin  soils,  abundant  crops  are 
raised  without  apph'cation  of  any  form  of  fertilizing  ma* 
terial,  direct  or  indirect.  Under  such  a  system  of  treat- 
ment, even  the  richest  soils  sooner  or  later  begin  to 
show  decrease  of  crop  yield.  It  is  then  that  the  farmer 
begins  to  make  use  of  farm  manure  and  other  resources 
of  the  farm  to  check  the  decreasing  crop  yield.  Assum- 
ing that  this  is  all  that  is  needed  at  first,  there  comes  a 
time  in  most  systems  of  farming  when  all  the  resources 
of  the  farm  capable  of  furnishing  fertilizing  materials 
are  insufficient  to  maintain  the  former  yield  of  crops. 
Assuming  that  the  conditions  affecting  the  efficiency  of 
plant-food  materials  do  not  require  attention,  the  next 
step  necessary  to  maintain  crop  yield  is  the  use  of  pur- 
chased plant-foods  or  commercial  fertilizers.  Stated  in 
a  broad  way,  a  farmer  must  resort  to  the  use  of  com- 
mercial fertilizers  when  he  has  exhausted  all  of  the  re- 
sources of  the  farm  in  producing  his  own  fertilizing  ma- 
terials and  finds  that  the  use  of  commercial  fertilizers 
results  in  increased  crops  and  profit.  When,  under  con- 
ditions of  good  soil  management,  the  farmer's  crops  can- 
not get  from  the  soil  during  the  growing  season  as  much 
nitrogen  or  phosphorus  or  potassium  as  they  need  for 
profitable  production,  and  when  the  resources  of  the 
farm  in  furnishing  plant-food  materials  have  been  util- 
ized to  their  fullest  extent  without  maintaining  desirable 
crop  yield,  then  one  may  resort  successfully  to  the  use  of 
commercial  fertilizers.  In  order  to  make  the  use  of  pur- 
chased plant-food  materials  a  paying  operation,  one  must 
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secure  an  increase  of  crop  more  than  sufficient  to  pay  for 
the  fertilizer  used  and  for  the  cost  of  labor  in  applying 
It- 

As  we  have  stated  in  the  preceding  chapter,  one  must 
be  sure  that  lack  of  crop  yield  is  not  due  to  some  un- 
favorable soil  condition  other  than  deficient  supply  of 
plant-food,  before  resorting  to  the  use  of  commercial  fer- 
tilizers, if  economy  of  production  is  to  be  realized. 

It  is,  therefore,  readily  seen  that  it  is  not  a  simple 
matter  to  tell  when  one  should  use  commercial  fertilizers. 
But  the  general  rule  will  be  to  use  them  when  their  ap- 
plication is  attended  with  increased  income  due  to  larger 
crops.  It  is  obvious  that  this  condition  can  be  ascer- 
tained only  by  actual  trial  or  experiment,  a  subject 
which  will  be  considered  in  detail  later  (p.  416). 

There  are  indications  of  various  kinds  that  may  sug- 
gest the  need  of  applying  purchased  plant-food  materials, 
and  we  will  consider  these  in  connection  with  our  dis- 
cussion of  what  plant-food  constituents  are  needed. 

How  to  ascertain  what  specific  plant-food  constituents 
are  needed. — When  it  has  been  settled  that  a  soil  needs 
the  addition  of  purchased  plant-foods  in  order  to  grow 
crops  more  successfully,  the  question  at  once  presents 
itself  as  to  what  kinds  of  plant-food  are  required.  Does 
nitrogen  need  to  be  supplied,  or  is  it  phosphorus  that  is 
needed,  or  is  it  potassium  ?  How  can  we  ascertain  v/hat 
kind  of  plant-food  is  required?  Several  methods  have 
been  employed,  some  of  which  are  useful  in  the  way  of 
furnishing  helpful  suggestions,  but  there  is  in  reality 
no  simple  method  upon  which  we  can  rely  for  all  soils 
and  under  all  conditions.  Experience  and  practical  judg- 
ment often  count  for  much  but  may  lead  one  wholly 
astray.  Among  the  ways  of  finding  out  what  particular 
plant-food  constituent  or  constituents  a  soil  needs,  we 
will  consider  the  following:  (i)  Analysis  of  soils,  (2) 
appearance  of  crops,    (3)    special   character  of  certain 
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soils,   (4)   suggestions  furnished  by  previous  cropping', 
(5)  fertilizer  experiments. 

Analysis  of  soil  as  indication  of  plant-food  needs, — It 
■was  formerly  thought  that  a  chemical  analysis  of  any 
soil  would  readily  furnish  information  regarding  the 
amounts  of  nitrogen,  phosphorus  and  potassium,  which 
would  enable  one  to  know  whether  any  of  these  constitu- 
ents was  lacking  and  to  what  extent,  if  any,  one  needed 


Experiments  witK  rye,  using  cylinders  set  in  soil.  Soil  house 
where  crop  samples  are  dried,  ground  and  stored.  New  Jersey 
Station. 

to  add  to  the  soil  the  deficient  constituent  or  constitu- 
ents in  order  to  insure  an  abundant  crop.  It  is  not  diffi- 
cult for  a  trained  analytical  chemist  to  determine  the 
amount  of  each  plant-food  constituent  in  a  soil,  showing 
the  total  amounts  held  as  a  store  for  the  future,  but  such 
results  furnish  no  information  as  to  how  much  of  these 
total  amounts  is  immediately  available  for  crop  growth. 
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Usually,  a  soil  analysis  is  made  by  treating  a  sample  of 
soil  with  a  dilute  acid;  it  is  supposed  that  the  amounts 
of  plant-food  constituents  thus  dissolved  approximate 
the  proportions  that  are  more  readily  available  for  the 
use  of  plants.  When  these  results  are  compared  with 
actual  crop  growths  on  the  field  from  which  the  sam- 
ple of  soil  analyzed  is  taken,  wide  discrepancies  often 
occur.  The  actual  value  of  soil  analysis  in  determining 
positively  and  definitely  the  plant-food  needs  of  a  soil 
has  been  and  is  still  a  matter  of  dispute.  All  agpree  that 
the  results  of  soil  analysis  are  negatively  helpful  in  en- 
abling one  to  reach  conclusions,  when  it  is  shown  that 
the  total  amount  of  any  plant-food  constituent  is  present 
in  very  small  amount  or  wholly  absent.  However,  there 
appears  to  be  no  general  agreem.ent  as  to  what  shall  be 
regarded  as  the  lowest  amount  of  any  particular  plant- 
food  constituent  calling  for  special  addition  to  meet  crop 
growths.  For  example,  one  investigator  states  that,  in 
general,  soils  containing  less  than  0.20  per  cent,  of  acid* 
soluble  potassium  (0.25  per  cent,  of  potash)  call  for 
early  application  of  potassium  compounds.  This  figure 
may  vary  with  certain  soil  conditions.  Soil  analysis  is 
often  found  useful  in  careful  investigations  especially  in 
connection  with  field  experiments,  but,  as  previously 
stated,  the  two  methods  do  not  necessarily  furnish 
harmonious  results.  Studies  have  been  carried  on  to 
learn  what  relations  might  exist  between  water-solutions 
of  soils  and  available  plant-food,  but  the  results  have  not 
been  sufficiently  reliable  as  a  guide  to  aid  one  in  apply- 
ing fertilizers. 

Another  consideration  will  illustrate  hov/  misleading 
the  result  of  a  soil  analysis  by  itself  may  be.  A  soil  may 
be  shown  by  analysis  to  have  large  amounts  of  available 
plant-food  constituents  and  yet  fail  to  grow  satisfactory 
crops  owing  to  some  defects  in  the  physical  condition 
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of  the  soil,  such  as  have  already  been  dwelt  upon  in  the 
preceding  chapter. 

To  point  out  one  more  defect  in  connection  with  soil 
analysis  as  a  guide  to  follow  in  connection  with  the  use 
of  fertilizers,  the  methods  of  analysis  have  marked 
limitations  in  respect  to  accuracy  and  delicacy.  To 
obtain  a  sample  of  soil  that  really  represents  a  field  is 
extremely  difficult,  at  least  in  many  cases.  The  amounts 
of  plant-food  constituents  that  one  works  with  are  often 
extremely  minute.  For  example,  in  a  soil  containing 
0.20  per  cent,  of  phosphorus,  two  different  analysts  will 
usually  obtain  results  several  hundredths  of  one  per  cent, 
apart.  Since  each  hundredth  of  a  per  cent,  is  equal  to 
250  or  300  pounds  an  acre,  a  comparatively  slight  differ- 
ence of  analysis,  say  0.03  per  cent.,  means  a  difference 
of  750  to  900  pounds  an  acre.  To  illustrate  the  limitations 
of  soil  analysis  in  delicacy,  if  we  put  on  one  acre  of  soil 
1,000  pounds  of  sodium  nitrate  (containing  150  pounds 
of  nitrogen),  an  abnormally  large  application,  it  will 
usually  produce  most  marked  effects  upon  plant  growth, 
when  other  conditions  are  favorable;  but  this  amount 
of  nitrogen  means  only  0.005  per  cent,  of  the  acre  soil, 
an  amount  too  small  to  determine  in  a  soil  with  reliable 
accuracy  by  chemical  analysis.  And  yet  much  less  than 
this  amount  of  nitrogen  will  affect  crop  growth.  However 
delicate  may  be  the  methods  of  chemical  analysis,  the 
methods  of  plants  are  still  more  sensitive,  since  plants 
are  able  to  show  differences  in  soil  where  chemical  analy- 
sis cannot  measure  them. 

Soil  analysis  is,  however,  an  essential  part  of  any  com- 
plete soil  investigation,  and,  taken  in  connection  with 
other  data,  furnishes  valuable  information.  In  the  case 
of  a  region  where  soils  have  been  extensively  studied, 
soil  analysis  may  furnish  desired  information  in  the  case 
of  individual  farms  that  partake  of  the  general  character 
of  the  region.     But  an  ordinary  soil  analysis,  taken  h^ 
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itself,  is  generally  found  insufficient  as  a  basis  in  decid- 
ing what  kinds  and  amounts  of  plant-food  to  use  for 
crops. 

Appearance  of  crops  as  indication  of  needs  of  plant- 
food. — To  one  experienced  in  watching  the  behavior  of 
crops,  much  may  often  be  learned  regarding  the  plant- 
food  conditions  by  closely  observing  the  appearance  of 
the  crops.  The  precaution  should  be  given  that  this 
method  is  not  an  infallible  one,  because  an  abnormal 
condition  of  appearance  caused  by  deficient  plant-food 
supply  may  likewise  be  caused  by  some  other  condition 
not  necessarily  connected  with  the  supply  of  plant-food 
in  the  soil. 

(i)  Nitrogen, — (a)  Deficiency.  When  the  physical  con- 
dition of  the  soil  is  favorable  and  when  there  is  abun- 
dance of  rain  and  sunshine  without  excess,  a  pale-green  or 
yellow  color  in  plant  leaves  or  stems,  or  a  small  growth 
of  leaf  or  stalk,  is  commonly  an  indication  of  nitrogen 
starvation,  due  usually  to  an  insufficient  supply  of  avail- 
able nitrogen.  The  same  effects  may  be  caused  by  some 
forms  of  plant  disease  or  by  some  insect  pests,  due  prob- 
ably to  inability  of  plants  to  use  their  nitrogen  supply 
even  when  present  in  abundance.  The  yellow  appear- 
ance of  crops  in  time  of  drouth  is  largely  due  to  the 
inability  of  the  plants  to  obtain  their  needed  plant-food 
supply  because  there  is  insufficient  moisture  to  dissolve 
and  carry  the  plant-food  constituents  or,  in  some  cases, 
because  the  soil  solution  becomes  so  concentrated  as  to 
injure  plant  roots.  In,  the  case  of  heavy  soils,  a  cold, 
wet  spring  delays  nitrification  (p.  204)  to  such  an 
extent  that  the  soil  does  not  furnish  available  nfcrogen 
rapidly  enough  to  meet  the  demands  of  the  young  crop 
and  this  condition  is  shown  by  the  unhealthy,  pale 
appearance  of  the  plants.  A  change  to  warm  and  less 
wet  weather  or  an  application  of  sodium  nitrgitQ  under 
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such  Circumstances  usually  produces  sudden  and  marked 
change  in  the  color  and  growth  of  the  crop. 

(b)  Abundance  of  nitrogen. — A  bright,  deep-green 
color,  with  a  vigorous  growth  of  leaves  and  stalks,  is, 
in  case  of  most  crops,  a  sign  that  available  nitrogen  is 
not  lacking,  but  does  not  necessarily  indicate  that  more 
nitrogen  could  not  be  used  to  advantage. 

(c)  Excess    of    nitrogen. — An    excessive    growth    of 
leaves  and  stalks,  accompanied  by  an  imperfect  develop- 
ment of  bud,  flower  or  fruit,  generally  indicates  too  much 
nitrogen  in  relation  to  phosphorus  and  potassium.    The 
application  of  large  amounts  of  fresh  farm  manure  fur- 
nishes relatively  large  quantities    of    urinary    nitrogen, 
which,  under  favorable  soil  conditions  of  warmth,  mois- 
ture, ventilation,  etc.,  may  be  so  rapidly  changed  into 
nitrate  as  to  furnish  the  crop  an  excessive  supply.    This 
has  been  a  common  experience  with  farmers.    The  results 
have  been  manifested  in  the  case  of  grain  crops  by  large 
gi'owth  of  straw  and  small  yield  of  grain,  the  crop  show- 
ing a  tendency  to  "lodge"  (p.  66) ;  in  the  case  of  crops 
like  potatoes,  there  is  an  enormous  growth  of  tops  with 
comparatively  few  and  small  tubers.     Such  excess  of 
nitrogen  has  been  reported  also  as  the  result  of  plowing 
under  leguminous  crops  too  frequently,  but  this  is  prob- 
ably of  somewhat  rare  occurrence.    This  condition  can 
be  remedied  by  avoiding  large  applications  of  nitrogen- 
containing  materials  or  by  accompanying  such  applica- 
tions with  addition  to  the  soil  of  phosphorus  or  potas- 
sium compounds  or  both.    As  will  be  pointed  out  later 
(p.   6i8),   there   are   some   crops   which    require    large 
amounts  of  nitrogen  for  best  results  in  growth  and  qual- 
ity, and  the  amounts  which  would  injure  cereal  crops, 
for  example,  are  not  too  much  for  the  needs  of  such 
crops  as  celery,  asparagus,  lettuce,  etc. 

(2)  Phosphorus, — When  under  favorable  soil  and  cli- 
matic conditions  grain  crops  mature  early  and  furnish 
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smooth,  plump,  and  heavy  kernels,  a  good  supply  of 
available  phosphorus  in  the  soil  is  indicated.  Slow-ma- 
turing grain  crops,  with  light,  shrunken  kernels,  is  usu- 
ally due  to  an  excess  of  nitrogen  in  relation  to  phos- 
phorus, as  in  case  of  fresh  farm  manure. 

(3)  Potassium, — When  such  crops  as  corn,  cabbage, 
grass,  potatoes,  tomatoes,  beets,  etc.,  have  a  vigorous, 
strong,  healthful  growth,  there  cannot  be  a  deficiency  of 
potassium  compounds  in  the  soil.  Another  indication  of 
the  presence  of  abundance  of  potassium  is  the  growth 
of  fleshy  fruits  of  fine  flavor  and  texture.  Deficiency  of 
potassium  is  often  indicated  by  weakness  and  brittleness 
in  stalks  and  leaves. 

As  we  have  already  stated,  such  special  indications 
may  often  be  most  helpful,  and  the  conditions  of  crops 
should  be  carefully  studied  with  all  the  facts  in  mind.  In 
interpreting  such  signs  too  narrowly,  and  without  taking 
all  conditions  into  consideration,  such  as  season,  dis- 
eases, insects,  etc.,  there  is  always  the.  danger  of  being 
misled  at  times.  Then,  too,  unfavorable  indications 
shown  by  crops  may  be  due  to  conditions  which  are 
temporary  and  which  will  adjust  themselves,  as,  for  ex- 
ample, in  case  of  unfavorable  weather. 

Plant-food  needs  in  relation  to  character  of  soil. — In 

certain  special  kinds  of  soils,  such  as  clay,  sandy  and 
peaty  soils,  the  character  of  the  soil  often  furnishes  val- 
uable information  as  to  what  kind  of  plant-food  may 
be  lacking. 

(i)  Clay  .soils,  owing  to  their  origin^ (p.  95),  are  usually 
well  suppUpcI  with  potassium  compowids  but  are  apt  to 
be  deficient  in  phosphorus  and  often  in  calcium  com- 
pounds. Therefore,  treatment  of  many  clay  soils  with 
phosphorus  will  supply  that  element,  while  application 
of  calcium  compounds  may  be  sufficient  to  fnsure  a  gen- 
erous supply  of  potassium  for  crops. 


Experiments  with  com  on  peaty  swamp-land,  showing  need  of 
potassium.  Upper  view:  Potassium  on  left  with  nitrogen  and  phos- 
phorus on  right.  Lower  view ;  Nitrogen  and  phosphorus  on  left  with 
nitrogen  and  potassium  on  right.    Illinois  STAiioH. 
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(2)  Sandy  soils,  as  might  be  anticipated  from  their 
origin  (p.  94),  are  often  lacking  in  an  abundant  supply 
of  potassium  and  they  often  require  phosphorus  also; 
the  same  is  true  of  many  gravelly  soils,  owing  to  their 
liability  to  Iqpe  plant-food  by  leaching. 

(3)  Peaty  soils  are  rich  in  nitrogen  in  forms  not  quickly 
available  and  are  often  deficient  in  potassium  and  phos- 
phorus. Therefore,  the  application  of  potassium  and 
phosphorus  compounds  to  drained  swamp-lands  is  usu- 
ally attended  with  marked  advantage  in  crop  yield. 

In  the  numerous  mixed  types  of  soils,  where  no  one 
character  is  pre-eminent,  these  suggestions  find  no  appli- 
cation, and  most  soils  are  of  the  mixed  types. 

Kind  of  plant-food  suggested  by  previous  cropping.—- 
The  growing  of  the  same  kind  of  crop  continuously  on 
the  same  land  may  be  exhausting  in  regard  to  one  or 
more  elements  of  plant-food.  For  example,  when  wheat 
IS  grown  year  after  year  on  the  same  soil,  the  available 
nitrogen  and  phosphorus  are  used  in  larger  proportions 
than  potassium.  When  such  deficiency  actually  occurs, 
then  application  of  nitrogen  and  phosphorus  com- 
pounds is  called  for.  On  old  wheat-growing  soils,  it  is 
generally  found  true  that  special  benefit  comes  from 
applying  phosphorus  compounds.  The  continuous 
growth  of  grass  crops  takes  large  amounts  of  potassium 
compared  with  phosphorus.  Other  explanations  have 
been  offered  for  the  unfavorable  eflFect  of  continuously 
growing  the  same  kind  of  crop  on  the  same  soil.  One 
is  that  there  accumulate  in  the  soil  compounds  that  are 
poisonous  to  the  crop  thus  grown  (p.  128) ;  these  toxic 
substances  are  thought  to  be  the  products  of  decomposi- 
tion of  crop  residues  left  in  the  soil  or  possibly  to  be  ex- 
creted by  the  plant-roots.  The  beneficial  use  of  fertilizers 
is  attributed  to  their  effect  in  changing  the  poisonous 
compounds  to  harmless  or  even  beneficial  ones.  De- 
creased crop  yield,  as  the  result  of  continuous  growing 
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of  a  single  kind  of  crop,  is,  according  to  another  explana- 
tion, due  to  the  action  of  certain  fungi  (p.  230),  whose 
presence  in  the  soil  is  promoted  by  such  a  system  of 
cropping. 

Fertilizer  experiments. — The  most  common  method 
employed  in  soil  investigations  during  the  past  to  ascer- 
tain what  constituents  of  plant-food  a  particular  soil 
needs  to  produce  increased  crops  of  a  given  kind  has 
been  to  apply  different  plant-food  constituents  to  differ- 
ent portions  of  a  soil  and  observe  whether  or  not  any 
increase  of  crop  results.  Theoretically,  this  is  the  sim- 
plest and  most  direct  method  and  should  give  helpful 
results;  and  while  it  frequently  does  so,  it  does  not  al- 
ways, and  may  in  some  cases,  give  results  that  are  con- 
tradictory, meaningless  or  misleading.  When  such  ex- 
periments are  carried  on  for  long  periods  of  time  in  a 
systematic  way  by  skilled  investigators  and  the  results 
checked  by  all  possible  precautions,  useful  results  are 
obtained.  Such  experiments  carried  on  for  a  single  sea- 
son may  be  wholly  misleading,  especially  if  some  abnor- 
mal weather  conditions  happen  to  be  present.  Under 
ordinary  conditions  and  in  the  hands  of  one  willing  to 
give  the  work  reasonable  attention,  the  method  may  be 
found  reasonably  helpful  for  the  purpose  in  view. 

Another  method  of  soil-testing  is  to  grow  plants  in 
boxes  or  pots  filled  with  the  soil  to  be  experimented 
with,  applying  different  fertilizers  and  combinations  in 
different  amounts.  Under  some  circumstances  helpful 
results  are  often  obtained.  A  modification  of  this  method 
is  known  as  the  "paraffin-basket"  method  of  soil  testing. 
Without  going  into  the  details  of  these  different  methods 
of  pot  experimenting,  it  is  sufficient  for  our  purpose  to 
say  that  they  are  not  suitable  for  use  in  the  hands  of 
farmers  for  the  purpose  of  ascertaining  with  any  satis- 
factory degree  of  certainty  or  accuracy  the  plant-food 
needs  of  a  soil. 
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As  a  matter  of  information  for  anyone  who  desires  to 
undertake  field  experiments,  we  will  give  in  some  detail 
the  methods  for  such  work. 

(i)  Selection  of  land  for  field  tests. — The  land  selected 
for  testing  its  plant-food  needs  should  be  in  good  condi- 
tion in  respect  to  tillage,  drainage,  etc.  The  character 
of  the  soil  should  be  as  nearly  the  same  as  possible 
throughout  the  test  field.  It  is  desirable  also  that  the 
surface  shall  be  quite  level  and  uniform.  The  more 
worn-out  soils  are,  the  more  readily  they  respond  to  ex- 
periments, and  the  more  definite  the  results  that  may  be 
expected. 

(2)  Sise  of  experimental  plots. — A  convenient  size  of 
plot  to  use  for  a  field  test  is  one-twentieth  of  an  acre, 
containing  an  area  of  2,176  square  feet.  The  length  and 
breadth  of  the  plots  can  be  such  as  suits  one's  conveni- 
ence, but  it  is  suggested  that  each  plot  measure  8  rods 
long  and  I  rod  wide ;  another  suggestion  is  204  feet  in 
length  by  10  feet  8  inches  in  width.  Between  the  plots 
there  should  be  left  unused  strips  3  or  4  feet  wide  so  as 
to  avoid  any  possible  mixing  of  the  different  plots. 

(3)  Preparation  of  soil. — Select  a  portion  of  the  field 
that  represents  a  fair  average,  which  has  been  previously 
cropped  and  manured  alike ;  prepare  the  soil  as  carefully 
as  possible  for  the  crop,  then  measure  accurately  and 
stake  out  into  plots  204  feet  long  and  10  feet  8  inches 
wide,  leaving  between  the  plots  strips  3  or  4  feet  wide. 
Mark  each  plot  by  a  number  corresponding  to  the  kind 
of  fertilizer  used,  following  a  diagram  previously  laid 
out  on  paper. 

(4)  Application  of  fertiliser. — Accurately  weigh  and 
distribute  each  fertilizer  evenly  over  its  own  plot,  mix- 
ing It  thoroughly  with  the  soil  and  keeping  the  fertilizer 
from  going  outside  of  the  plot.  It  is  better  to  apply  the 
fertilizer  broadcast  and  before  planting,  if  the  crop  is 
not  a  cultivable  one.    For  cultivable  crops,  the  fertilizer 
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may  be  applied  after  planting  and  worked  in.  On  the 
basis  of  the  amounts  of  fertilizer  given  below  there  will 
be  one  pound  of  fertilizer,  or  an  even  multiple  of  it,  for 
each  square  rod  of  surface.  In  order  to  distribute  the 
fertilizer  more  evenly  it  will  be  well  to  mix  the  fertilizer 
with  two  or  three  times  its  own  weight  of  fine,  dry,  in- 
ert material,  such  as  sifted  coal  ashes,  sand,  or  dirt. 

(5)  System  in  conducting  fertiliser  experiments, — From 
beginning  to  end,  the  work  must  be  done,  systematically, 
thoroughly  and  accurately,  if  beneficial  results  are  to  be 
expected.  The  harvested  crop  on  each  separate  plot  must 
be  carefully  weighed  and  a  record  kept  of  all  results. 

(6)  Plan  of  experiment. — ^The  diagram  below  represents 
an  arrangement  of  plots,  together  with  kinds  and 
amounts  of  fertilizers  to  use.  The  particular  crop  with 
which  to  experiment  may  be  left  to  the  choice  of  the 
individual  farmer,  but  it  is  preferably  a  crop  which 
can  be  grown  to  advantage  on  his  farm.  For  first  trials, 
corn  or  potatoes  or  oats  may  be  used,  to  be  followed 
by  such  others  as  are  usually  raised  on  that  particular 
farm.  The  work  should  be  carried  on  for  several  sea- 
sons. It  must  be  kept  in  mind  that  such  experiments 
are  more  or  less  at  the  mercy  of  the  weather,  which 
may  seriously  interfere  to  destroy  the  value  of  the  re- 
sults. For  example,  an  excessively  wet  or  an  exces- 
sively dry  season  will  not  lead  to  satisfactory  conclusions. 
Reliable  results  can  be  obtained  only  by  repetition  if 
seasons  are  in  any  way  abnormal.  All  the  plots  should 
receive  the  same  amount  and  kind  of  cultivation.  The 
same  amount  of  seed  of  the  same  quality  should  be  used ; 
in  a  word,  all  conditions  of  treatment  must  be  kept  alike 
as  nearly  as  possible,  except  for  the  one  difference  of 
condition  connected  with  the  fertilizer  applied.  In  the 
plan  below  we  give  a  larger  number  of  plots  than  any 
one  should  attempt  at  the  start.  The  first  year's  work 
may  be  well  limited  to  not  more  than  five  or  six  plots. 
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Diagram  of  Field  Experiments 


Kind  of  fertilizer 


Amount  of  fertilixer 


RolNd.1 


NofertiHMr 


FlolKo.2 


FlotNaa 


Plot  No.  4 


Plot  Na  5' 


PlotNae 


PlotNo.7 


PloCNo.8 


Pl9llfo.9 


Soditun  nitrate 8  pounds 

Add  phosphate •     16  poondt 

Potassium  chloride 8  jxnmdt 

(Muriate  of  potash) 

Air-slalced  lime,  or  100  pounds 

Ground  limestone,  or 100      " 

Slaked  Ume 75 

( Sodium  nitrate 8  pounds 

t  Add  phosphate 16      ** 

I  Sodium  nitrate 8  pounds 

I  Potassium  diloride 8      ** 

{Acid  phosphate 16  pounds 
Potassium  chloride. 8      ** 

1  Sodium  nitrate 8  pounds 
Add  phosphate 16      *^ 
Potassium  chloride 8     ** 
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Kind  of  fertilizer  Amount  of  fertilizer 


Plot  No.  10 


Stable  manure '. . . .  ^ . . .     1000  pounds 


Plot  No.  11 


No  fertilizer 


(7)  Interpretation  of  results. — If  plots  No.  i  and  No.  IT 
give  generous  crops  and  as  good  results  in  crop  yield  as 
any  other,  then  the  soil  appears  to  be  in  good  condition  as 
regards  its  present  supply  of  plant-food.  If  plot  No.  2 
gives  increased  yield  as  compared  v^^ith  others/  the  need 
of  nitrogen  is  indicated.  An  increase  of  crop  on  plot  No. 
3  indicates  need  of  available  phosphorus,  and  increase  on 
plot  No.  4  shows  apparent  need  of  potassium.  Increase 
on  plot  No.  5  may  indicate  acidity  of  soil,  or  the  pres- 
ence of  unavailable  potassium  compounds  in  the  soil,  or, 
perhaps,  lack  of  calcium  as  plant-food.  Improved  crops 
in  case  of  plot  No.  lo,  compared  with  the  others,  suggest 
that  there  is  probable  need  of  organic  matter  in  the  soil. 
If  plot  No.  6  shows  no  increase  of  crop,  then  it  would 
appear  as  if  nitrogen  and  phosphorus  were  not  deficient. 
If  plot  No.  9  gives  the  best  results,  need  of  nitrogen, 
phosphorus  and  potassium  is  shown.  However,  the  re- 
sults may  vary  in  such  ways  that  it  is  difficult  to  reach 
satisfactory  conclusions,  especially  -where  work  is  done 
for  only  one  season. 

It  may  be  stated  further  that  the  amounts  of  plant- 
food  materials  indicated  above  are  larger  than  will  be 
used  on  many  soils  and  crops.  But  when  once  it  is  found 
clearly  that  some  particular  element  of  plant-food  in- 
creases the  crop  yield  every  time,  then  some  additional 
trials  can  be  made  to  ascertain  the  smallest  amount  of 
application  that  will  give  most  economical  results.    . 

Amounts  of  plant-food  constituents  needed. — How  can 
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we  ascertain  how  much  nitrogen  or  phosphorus  or  potas- 
sium it  may  be  necessary  to  apply  to  a  soil  to  insure 
available  plant-food  enough  to  produce  a  satisfactory 
crop?  This  matter  of  amounts  of  plant-food  to  apply  is 
one  of  great  complexity  and  no  simple  way  is  known 
to  answer  the  question.  If  we  could  know  how  much 
available  nitrogen,  potassium  and  phosphorus  could  be 
furnished  a  given  crop  by  the  soil  during  the  growing 
season,  we  could  from  data  similar  to  those  given 
in  Table  21  (p.  177),  estimate  the  amounts  of  these  plant- 
food  constituents  that  would  be  needed  for  a  certain 
yield  of  the  crop,  and  by  comparing  these  figures,  we 
could  ascertain  whether  the  soil  supply  would  meet  the 
demands  of  the  crop. 

The  factors  that  largely  determine  the  amounts  of 
plant-food  constituents  needed  are:  (i)  The  amount  of 
available  plant-food  present  in  the  soil,  (2)  the  amounts 
of  plant-food  constituents  required  by  the  crop  grown, 
and  (3)  the  special  kind  of  farming  practiced.  We  will 
briefly  consider  these  points. 

(i)  The  amount  of  available^  plant-food  An  the  soil, — 
The  method  of  experiment  given  above  is  essentially  the 
only  means  we  have  at  present  for  ascertaining  whether 
or  not  there  is  in  a  soil  enough  available  plant-food  of 
any  particular  kind  to  grow  a  crop,  and  this  method,  as 
we  have  pointed  out,  is  not  free  from  difficulty  for  the 
average  farmer  and  the  results  cannot  always  be  relied 
upon  implicitly.  This  information  cannot  be  gained  with 
certainty  by  chemical  analysis.  While  field  experiments 
in  the  hands  of  many  farmers  often  prove  disappointing 
for  the  reason  that  definite  conclusions  cannot  be  drawn, 
such  experimental  work  cannot  be  recommended  too 
highly  for  the  general  training  and  educational  benefit 
it  affords.  This  line  of  work,  properly  conducted,  may 
furnish  the  progressive  farmer  information  of  the  great- 
est practical  and  economic  value,  but  it  will  also  exert 
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a  profound  educational  influence  upon  him,  making  liim 
personally  familiar  with  plant-food  materials  and  their 
specific  effects,  causing  him  to  take  a  deeper  interest  In 
the  growing  of  crops  and  leading  him  to  practice  better 
methods. 

(2)   The  amounts  of  plant-food  constituents  required  by 
crops. — We  have  already  (p.  175)  shown  that  different  crops 
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use  different  amounts  of  nitrogen,  phosphorus  and  potas- 
sium. If  we  know  approximately  how  much  of  each 
plant-food  constituent  an  average  yield  of  any  particular 
crop  will  remove  from  the  soil,  then  we  have  fairly  defi- 
nite knowledge  of  the  amount  of  each  that  it  will  be 
necessary  to  have  within  reach  of  the  plant-roots  during 
the  growing  season  of  the  crop.  However,  such  figures 
do  not  in  every  case  represent  the  quantities  of  plant- 
food  removed  from  the  soil.  Thus,  in  the  case  of  legu- 
minous crops,  a  portion  of  the  nitrogen  is  generally  ob- 
tained from  the  air  and  for  such  crops  less  nitrogen  need 
be  applied  than  the  composition  of  the  plant  indicates. 
While  such  figures  are  useful  as  valuable  suggestions,  we 
cannot  rely  upon  them  as  strictly  accurate  guides  in  tell- 
ing us  how  much  nitrogen  or  phosphorus  or  potassium 
to  furnish  a  crop. 

(3)  The  special  kind  of  farming  practiced. — The  amount 
of  plant-foods  required  for  the  economical  growing  of 
crops  must  depend  to  some  extent  upon  the  specific  char- 
acter and  methods  of  farming  employed.  In  the  case  of 
market-garden  crops,  where  it  is  desired  to  secure  maxi- 
mum crops  at  the  earliest  possible  time  of  season,  it  is 
the  practice  to  apply  amounts  of  fertilizers  that  would 
be  regarded  as  wastefully  excessive  in  general  farm  prac- 
tice. Again,  the  farmer  who  utilizes  an  intelligent  form 
of  crop-rotation  can  raise  crops  with  less  expenditure 
for  fertilizers  than  can  the  one  who  does  not  use  a  desir- 
able system  of  rotation,  as  we  shall  point  out  later  more 
in  detail  (p.  498). 

From  what  has  preceded,  it  becomes  clear  that  we  have 
no  reliable  method  for  determining  accurately  beyond  ques- 
tion the  plant- food  needs  of  soils.  The  application  of  ferti- 
lizers in  the  growing  of  crops  is  still,  and  will  probably  always 
remain,  more  or  less  largely  empirical,  resting  on  experi- 
ence and  observation.  The  same  is  true  of  medical  prac- 
tice.   Certain  facts  are  known.    Certain  substances  are 
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known  to  produce  certain  effects,  under  given  conditions, 
but  how  those  effects  are  produced  is  largely  a  matter 
of  conjecture.  The  matter  of  soil  fertilization  is  really 
more  than  the  feeding  of  crops,  since  other  conditions 
affect  plant  growth.  When  we  apply  plant-foods  to  soils, 
we  not  only  place  the  material  within  reach  of  the  grow- 
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nitrogen  is  shown  by  2,  B,  6  and  8.    Idaho  Station. 

ing  plant,  but  the  presence  of  the  added  material  in  the 
soil  usually  produces  modifications  of  a  physical,  chemi- 
cal or  biological  character  in  the  soil  itself  and  these 
modifications  influence  plant  gjowth  to  an  extent  we  can- 
not easily  measure.  It  is  this  multiplicity  of  effects  pro- 
duced by  a  fertilizer  that  often  makes  difficult  the  cor* 
rect  interpretation  of  soil  experiments. 
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While  we  cannot  tell  with  any  degree  of  accuracy  in 
each  special  case  how  much  plant-food  to  apply  to  a  soil 
for  best  results,  we  are  not  left  in  hopeless  confusion 
when  it  comes  to  the  practical  growing  of  crops.  We 
know  many  facts  of  importance  and  we  have  the  results 
of  long-continued  experience  and  observation,  affording 
a  basis  for  agricultural  practice.  While  specific  rules 
cannot  be  given  that  will  be  of  general  value,  we  can 
study  the  facts  that  have  been  accumulated  and  use 
them  as  suggestions  for  application  to  individual  cases. 

The  remainder  of  this  book  will  be  largely  devoted  to 
stating  facts  of  practical  importance  in  addition  to  those 
previously  presented,  and  to  making  specific  suggestions 
which  can  be  adapted  and  modified  for  use  in  individual 
cases. 


CHAPTER  XXIII 

FACTORS  IN  SELECTION  OF  PLANT-FOOD 

MATERIALS 

Wjc  have  seen  in  Part  II  that  we  can  obtain  nitrogen, 
phosphorus  and  potassium,  each  in  several  different  forms, 
such,  for  example,  in  case  of  nitrogen,  as  sodium  nitrate, 
ammonium  sulphate,  calcium  cyanamid,  dried  blood,  cotton- 
seed-meal, etc.  When  we  come  to  make  use  of  fertilizing 
materials  as  sources  of  plant-food,  we  must  decide  which 
specific  forms  we  shall  purchase.  What  principles  are  there 
to  guide  us  in  making  the  best  choice,  all  things  considered  ? 
We  can  be  guided  by : 

1.  Availability  of  plant-food. 

2.  Effect  upon  soil. 

3.  Adaptation  to  crops. 
4*  Comparative  cost. 

AVAILABILITY  OF  DIFFERENT  FORMS  OF 

PLANT-FOOD 

As  a  rule,  commercial  fertilizers  are  used  for  their  effect 
upon  crops  during  the  single  season  immediately  following 
application.  The  general  practice  among  farmers  is  to  give 
to  each  crop  by  itself  the  plant-food  supplies  which  they 
think  may  be  needed,  and  to  avoid  furnishing  any  year's  crop 
with  more  material  than  it  can  use  to  best  advantage.  This 
is  especially  true  of  those  who  do  not  own  the  farms  that 
they  work  and  who  plan  each  year's  work  by  itself  without 
reference  to  the  future.  Under  such  circumstances  a  farmer 
desires  to  use  those  forms  of  fertilizing  materials  which  will 
be  taken  up  most  quickly  and  completely  by  crops  in  a  single 
season.  On  the  other  hand,  the  farmer  who  owns  his  land 
frequently  desires  to  use  materials  the  plant-food  of  which 

426 


DETERMINING  SELECTION  OF  PLANT-FOOD  427 

will  be  Utilized  gradually  by  crops  and  furnish  a  continuous 
supply  through  several  successive  seasons.  For  some  crops 
it  is  a  convenience  and  an  advantage  to  use  slowly  acting 
forms  of  fertilizers.  It  will  thus  be  seen  that  if  one  desires 
a  fertilizer  which  will  act  at  once  and  be  largely  used  by  the 
immediate  crop,  then  he  will  need  to  purchase  his  plant- food 
in  forms  different  from  those  used  by  the  man  who  desires 
longer-continued  action,  extending  through  several  seasons. 

We  will  now  consider  the  relative  rapidity  with  which 
different  forms  of  nitrogen,  phosphorus  and  potassium  are 
available  for  the  use  of  plants,  keeping  in  mind  that  plants 
use  only  those  soil  materials  that  are  presented  to  them 
dissolved  in  the  soil  water. 

Availability  of  different  forms  of  nitrogen. — ^We  have 
discussed  in  other  pages  the  composition  and  general 
properties  of  the  nitrogen-containing  materials  used  as 
sources  of  plant- food  (pp.  244-260).  We  will  now  consider 
them  particularly  with  reference  to  the  quickness  with  which 
plants  can  use  their  nitrogen  when  it  is  placed  within  reach 
of  growing  roots. 

(i)  Nitrate  nitrogen  (sodium  nitrate,  or  nitrate  of  soda, 
calcium  or  lime  nitrate,  potassium  nitrate,  etc.)  is  easily 
soluble  in  water  and  its  nitrogen  is  directly  taken  into  plants 
(p.  171)  and  used.  One  part  of  sodium  nitrate  dissolves  in 
only  one  part  of  water  under  ordinary  conditions;  that  is 
equal  to  saying  that  one  pound  of  sodium  nitrate  is  com- 
pletely dissolved  in  only  one  pint  of  pure  water.  The  ease 
with  which  it  dissolves  enables  it,  in  the  presence  of  soil 
moisture,  to  be  distributed  quickly  through  the  soil  and  reach 
the  plant-roots.  Therefore,  on  account  of  its  ease  of  solu- 
tion and  owing  to  the  fact  that  the  solution  can  be  directly 
absorbed  and  used  at  once  by  plants,  nitrate  is  the  most 
easily  available  form  of  nitrogen  that  we  can  furnish  plants. 
Under  favorable  conditions,  the  effect  of  applying  sodium 
or  calcium  nitrate  to  soils  can  be  observed  in  the  appearance 
of  plants  in  one  or  two  days.    The  extremely  easy  solubility 
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of  sodium  nitrate  in  water  is  a  distinct  advantage  in  respect  to 
its  availability,  but  is  a  disadvantage  under  conditions  where 
a  large  amount  of  rainfall  dissolves  and  carries  it  down  into 
the  soil  below  the  reach  of  plant  roots,  with  liability  of  loss 
in  the  drainage  water,  as  already  stated  (p.  i86).  Nitrates 
should,  on  this  account,  be  applied  only  in  moderate  amounts 
at  a  time,  and  preferably  when  crops  are  growing  on  the 
soil.  On  account  of  its  rapid  action  on  plant  growth,  nitrates 
are  extensively  used  by  market-gardeners  and  in  forcing- 
house  operations.    On  account  of  its  easy  solubility  and 
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rapid  action,  nitrates  are  of  special  value  as  top-dressing  in 
early  spring  on  meadow-lands  and  on  small  grains  before 
nitrification  has  begun  and  when  soil  nitrates  are  usually 
at  their  lowest. 

(2)  Ammonia  nitrogen  in  ammonium  sulphate  (p.  41), 
ammonium  carbonate  and  ammonium  compounds  in  general 
follow  nitrate  nitrogen  in  point  of  availability  as  plant-food. 
The  compound  most  commonly  occurring  in  commercial  fer- 
tilizers, ammonium  sulphate,  is  easily  soluble  in  water,  about 
as  much  so  as  sodium  nitrate  (p.  40),  and  has,  therefore. 
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the  advantage  of  quick  distribution  in  the  soil,  bringing  it 
into  the  neighborhood  of  plant  roots.  It  is  claimed  that 
many  plants  can  absorb  and  directly  use  ammonia  nitrogen 
just  as  they  do  nitrate ;  but  to  whatever  extent  this  may  be 
true,  ammonia  nitrogen  is  changed  in  the  soil  quite  rapidly 
into  nitrate  (pp.  203-210)  and  under  favorable  conditions 
the  ammonia  is  largely  changed  into  nitrate  before  it  reaches 
the  plant.  Ammonium  compounds  are  not  leached  from 
soils  as  readily  as  nitrates  (p.  186)  and  are  therefore  apt  to 
give  better  results  in  wet  seasons.  The  action  of  the 
ammonia  nitrogen  is  somewhat  more  gradual  and  lasts 
longer  than  that  of  nitrate  and  is,  therefore,  preferred  when 
the  effect  of  the  plant- food  is  to  be  extended  through  a  longer 
period  of  crop  growth. 

(3)  Cyanamid  nitrogen  (p.  247)  in  calcium  cyanamid 
(lime-nitrogen)  has  been  shown  to  have  about  the  same 
degree  of  availability  when  compared  for  a  growing  season 
as  that  shown  by  ammonia  nitrogen.  This  would  be 
expected  from  the  fact  that,  after  cyanamid  is  applied  to 
soils,  its  nitrogen  changes  into  ammonia.  Calcium  cyanamid 
itself  is  not  used  as  food  by  plants,  but  must  decompose  first 
into  ammonia  and  then  change  to  nitrate.  It  is  noticeable 
that  cyanamid  is  put  on  the  market  mixed  with  some  nitrate, 
evidently  with  the  purpose  of  furnishing  some  quickly 
available  nitrogen,  which  can  act  while  the  cyanamid  is 
becoming  available,  that  is,  changing  first  into  ammonia,  and 
then  into  nitrate. 

(4)  Ammonium  nitrate  (p.  251)  combines  the  properties 
of  both  the  nitrate  and  the  ammonia  nitrogen,  the  quickness 
of  one  and  the  moderation  of  the  other. 

(5)  Organic  nitrogen  includes  the  various  complex 
organic  animal  and  vegetable  materials  containing  nitrogen 
as  a  prominent  constituent  (p.  39).  None  of  these  mate- 
rials is  readily  soluble  in  water  and  none  is  in  condition  for 
immediate  use  by  plants.  As  we  have  explained  (pp.  203- 
210),  they  first  undergo  bacterial  decomposition,  changing 
through  a  series  of  complex  compounds  into  simpler  forms, 
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and  finally  the  organic  nitrogen  is  changed  to  ammonia, 
and  this  in  turn,  by  the  nitrification  process,  into  nitrate  nitro- 
gen. \Ve  thus  see  that  the  availability  of  organic  nitrogen 
depends  upon  the  rapidity  with  which  it  undergoes  bacterial 
decomposition,  and  this  in  turn  depends  upon  ( i )  the  source 
of  the  organic  nitrogen,  (2)  the  fineness  of  division  of  the 
organic  material,  and  (3)  the  soil  conditions  that  aflFect 
bacterial  decomposition,  such  as  the  presence  of  the  right 
kinds  of  bacteria,  proper  degree  of  warmth,  moisture,  air 
supply,  calcium  carbonate,  etc.  (p.  193).  It  is  obvious  that 
no  form  of  commercial  organic  nitrogen  is  as  quickly  avail- 
able as  either  nitrate  or  ammonia  nitrogen. 

Generally  speaking,  the  better  forms  of  organic  nitrogen 
can  be  used  to  advantage  on  crops  whose  period  of  growth 
is  prolonged  during  the  season,  since  they  furnish  a  gradual 
supply  of  nitrate  nitrogen  as  they  undergo  decomposition 
and  nitrification.  It  is  generally  a  wise  plan  to  use  in  fer- 
tilizers some  nitrate  nitrogen  for  the  immediate  use  of  the 
young  plants  and  furnish  the  remainder  in  the  form'of 
organic  nitrogen,  which  becomes  available  after  the  nitrate  is 
used. 

Of  the  different  materials  containing  organic  nitrogen, 
dried  blood  (p.  254)  becomes  most  quickly  available.  Of 
nearly  equal  value  to  blood  in  availability  are  finely  ground 
fishj  cottonseed-meal,  and  castor-pomace.  Acidulated  fish  is 
somewhat  more  available  than  untreated  fish.  Tankage,  on 
account  of  its  variable  composition  and  fineness,  varies  in 
availability,  but  may  be  generally  regarded  as  considerably 
slower  than  dried  blood.  The  availability  of  the 
organic  nitrogen  in  bone  varies  greatly,  depending  on  the 
fineness  and  previous  treatment.  In  raw,  coarse  bone,  the 
nitrogen  is  very  slow  in  becoming  available.  The  removal 
of  fat  by  steaming  or  boiling  makes  the  nitrogen  more  avail- 
able for  two  reasons :  In  the  first  place,  the  presence  of  the 
fat  interferes  with  the  decomposition  of  the  organic  nitro- 
gen, and,  in  the  second  place,  the  bone  can  be  very  much 
more  finely  ground  after  removal  of  fat    Horn  and  hoof 
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meal  (p.  257),  when  very  fine,  appear  to  undergo  decomposi- 
tion about  as  rapidly  as  ground  fish.  Their  availability  can 
be  increased  by  treatment  with  sulphuric  acid.  Leather 
(p.  259)  in  raw  condition  is  practically  valueless  as  a  source 
of  nitrogen  on  account  of  the  extreme  slowness  with  which 
it  decomposes.  Even  when  roasted  or  steamed  and  ground 
very  fine,  it  has  little  value.  However,  if  leather  is  ground 
very  fine  and  then  carefully  treated  with  strong  sulphuric 
acid,  it  acquires  a  degree  of  availability  about  equal  to  that 
of  ground  fish.  The  nitrogen  in  hair  and  wool-waste  is  of 
much  the  same  character  of  availability  as  that  in  raw  leather. 
Farm  manure,  as  already  shown  (pp.  300-340),  varies  in 
availability  according  to  a  variety  of  conditions.  The  nitrogen 
in  urine  becomes  quickly  available,  almost  as  readily  as 
ammonia;  imder  favorable  conditions,  it  requires  only  a 
few  hours  to  change  the  nitrogen  of  urine  into  ammonium 
carbonate.  The  nitrogen  in  the  solid  portion  of  animal 
manure  is  not  quickly  available,  not  as  quickly  available  as 
the  nitrogen  in  the  food  before  consumption,  because  in  the 
process  of  animal  digestion  the  less-resistant  portions  of 
nitrogen  compounds  are  retained  in  the  body,  while  the  more* 
resistant  portions  remain  undigested  and  pass  from  the 
body  as  solid  excrement.  The  nitrogen  in  green  crops  varies 
with  diflferent  conditions,  but  is,  in  general,  more  quickly 
available  than  that  in  the  solid  portion  of  animal  manure; 
the  decomposition  may  be  hastened  by  treatment,  previous  to 
plowing  under,  with  good  quality  of  mixed  farm  manure 
or  with  liquid  manure,  which  furnishes  the  micro-organisms 
that  produce  decomposition.  Muck,  peat  and  similar  mate- 
rials usually  contain  very  little  nitrogen  that  becomes  readily 
available  (p.  123).  When  such  materials  are  used  on  soils 
as  a  source  of  nitrogen,  they  should  be  applied  in  rather 
large  amounts,  and  the  decomposition  may  be  hastened  by 
treatment  with  freshly  slaked  lime  at  the  rate  of  1,000  to 
l»SOO  pounds  an  acre. 
Availability  tests  of  nitrogen-containing  materials.— 
Numerous  experiments  have  been  made  to  determine  the 
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comparative  plant-food  value  of  nitrogen  in  the  more  com- 
mon animal  and  vegetable  materials,  both  by  comparative 
tests  in  growing  crops  and  by  chemical  methods.  While  the 
results  of  vegetation  experiments  have  not  been  uniform, 
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they  serve  as  a  fair  guide  in  regard  to  the  plant-food  avail- 
ability. Taking  results  secured  with  nitrate  nitr<^;en  as 
lOO,  the  following  table  can  be  made : 

Table  40 — Comparative  Plant-Food  Value  of  Nitrogen 
IN  Animal  and  Vegetable  Material 

Materia]  Availability  or 

containing  nitresen  crop-producing  vain* 

Sodiom  NitnU 100 

AnimoDiuni  lulphate  .........,..,....,....,.,     05 

Dried  blood , 70 

CottotuBed^oeal  .............i..!..-....,....     TO 

Caator-poaace TO 

Vail,  dned  and  around «S 

Horn  and  hoof  meal «S 

Leather,  dinolved  vith  add AS 

Leather,  steamed 13 

Leather,  roaited Ill 

It  must  be  understood  that  these  figures  are  only  approxi- 
mate. They  indicate  what  is  fairly  true  when  the  materials 
are  Used  on  the  same  crop  under  the  same  set  of  conditions. 
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Numerous  attempts  have  been  made  to  apply  chemical 
methods  to  organic  material  in  order  to  distinguish  slowly 
from  quickly  available  forms  of  nitrogen  in  such  a  way  as  to 
determine  approximately  the  relative  availability  for  crop 
use.  The  most  promising  of  the  methods  that  have  been 
tried  is  treatment  of  the  water-insoluble  portion  of  organic 
matter  with  potassium  permanganate  and  an  alkali.  For 
example,  a  mixture  of  dried  blood  and  cottonseed-meal  is 
found  by  this  method  to  contain  about  72  per  cent,  of  avail- 
able nitrogen,  while  a  mixture  of  treated  leather,  garbage 
tankage,  and  peat  contains  only  44  per  cent.  The  method 
is  useful,  at  least,  in  enabling  chemists  to  distinguish  readily 
available  from  unavailable  nitrogen,  even  if  it  cannot  show 
exactly  how  much  nitrogen  a  crop  can  use  during  a  growing 
season. 

Availability  of  different  forms  of  phosphorus  or  phos- 
phate compounds.— The  composition  and  general  proper- 
ties of  these  compounds  have  been  previously  treated 
(pp.  261-277)  ;  we  will  discuss  here  only  those  points  that 
relate  particularly  to  the  availability  of  the  different  phos- 
phorus compounds  that  form  the  chief  source  of  plant- 
food  supply, 

(i)  Calcium  acid  phosphate,  soluble  calcium  phosphate 
or  mono-calcium  phosphate  (pp.  45-49),  is  the  one  phos- 
phorus compound,  which,  so  far  as  we  now  know,  is 
directly  absorbed  by  plant-roots;  it  is,  at  least,  the  only 
source  of  quickly  available  phosphorus  for  agricultural  pur- 
poses. This  compound  dissolves  imder  ordinary  conditions 
at  the  rate  of  about  i  part  in  100  parts  of  water.  This  is  the 
chief  phosphorus  compound  of  superphosphates  or  acid 
phosphates  and  of  double  superphosphate. 

(2)  Di'Calcium  phosphate  or  "reverted"  phosphate 
(pp.  45-49) — When  applied  to  soils,  soluble  calcium  phos- 
phate generally  imdergoes  a  change  in  composition,  forming 
with  the  calcium  carbonate  of  the  soil  di-calcium  phosphate 
(p.  48),  known  also  as  "reverted"  and  "citrate-soluble" 
phosphate.    This  compound  is  less  soluble  in  water  than  the 
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acid  phosphate,  but  is  fairly  soluble  in  water  containing 
carbon  dioxide,  as  in  the  case  of  soil  water.  While  one  part 
of  reverted  phosphate  requires  7,500  parts  of  pure  water 
to  dissolve  it,  it  requires  only  1,800  parts  of  carbonated 
water.  In  the  case  of  soils  contaiaing  large  amounts  of  iron 
or  aluminum  compounds  and  only  small  amounts  of  calcium 
carbonate,  the  reverted  phosphate  is  an  iron  or.  aluminum 
compound,  which  is  very  slow  to  dissolve  in  water  and, 
therefore,  practically  unavailable  as  plant-food  for  prompt 
use.  This  condition  means  loss  of  applied  soluble  phos- 
phate, at  least,  in  large  part,  so  far  as  the  season's  crop  is 
concerned;  it  can  be  prevented  by  keeping  the  soil  well 
supplied  with  calcium  carbonate  (pp.  363-393). 

The  question  naturally  arises  as  to  why  it  is  not  better  to 
apply  phosphorus  directly  in  the  form  of  "reverted"  phos- 
phate instead  of  applying  it  as  soluble  phosphate,  which  soon 
changes  to  the  reverted  form.  Even  though  phosphate 
applied  in  soluble  form  becomes  reverted  in  soils  before  it 
can  be  used  by  a  crop,  it  is  better  to  apply  it  in  the 
soluble  rather  than  the  reverted  form.  When  the 
soluble  phosphate  is  applied  to  the  soil,  it  goes  into  solu- 
tion as  quickly  as  the  amount  of  water  in  the  soil  permits 
and  is  at  once  distributed  uniformly  and  widely  among  the 
soil  particles ;  when  it  reverts  and  goes  into  the  precipitated 
form,  the  soil  particles  are  coated  with  this  very  finely 
divided  phosphate  and  under  these  circumstances  it  is  in  tbe 
best  possible  condition  for  undergoing  solution  in  the  soil 
water  and  coming  into  contact  with  plant  roots.  On  the 
other  hand,  if  the  phosphate  is  applied  to  the  soil  in  the 
reverted  form,  even  if  very  finely  divided,  it  is  impossible 
to  get  it  as  thoroughly  and  uniformly  distributed  as  in  the 
case  of  a  solution. 

(3)  Tri-calcium  phosphate  or  insoluble  phosphate 
(pp.  45  and  49)  is  less  easily  soluble  in  water  than  the 
preceding  forms.  One  part  requires  about  50,000  parts  of 
pure  water  for  solution  under  ordinary  conditions,  but  the 
solubility  in  water  is  considerably  increased  by  the  presence 
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of  carbon  dioxide  and  also  of  some  materials  that  are  applied 
to  soils  as  fertilizers,  among  which  are  sodium  nitrate, 
ammonium  sulphate  and  potassium  sulphate;  gypsum  and 
iron  compoimds  make  it  less  soluble.  The  presence  of 
decaying  organic  matter  in' soils,  furnishing  carbon  dioxide 
and  free  acids,  creates  conditions  which  make  the  insol- 
uble phosphate  dissolve  more  quickly,  and  so  more  readily 
available  as  plant- food.  Tri-calcium  phosphate  has  been  quite 
generally  regarded  as  of  little  value  as  a  source  of  phos- 
phorus for  plants,  but  recently  it  has  come  to  be  increasingly 
valued  under  certain  conditions,  especially  where  soils  are 
well  supplied  with  decaying  organic  matter  and  calcium 
carbonate.  The  presence  of  calcium  carbonate  is  of  special 
value  in  preventing  the  formation  of  the  very  insoluble  iron 
or  aluminum  phosphate.  One  form  in  which  insoluble 
phosphate  is  most  extensively  used  is  that  of  finely  ground 
phosphate  rock,  commonly  known  as  "floats"  (p.  264).  The 
availability  of  such  insoluble  phosphates  depends,  other 
things  being  equal,  upon  the  fineness  of  its  particles ;  extreme 
fineness  is  essential  to  promote  more  uniform  distribution 
in  soil  and  to  offer  more  extensive  surface  for  attack  of  dis- 
solving agents.  On  muck  soils  that  are  definitely  acid, 
insoluble  phosphate  in  the  form  of  "floats"  has  often  been 
found  to  give  as  good  crop  yields  as  the  dissolved  phosphate. 
The  availability  of  insoluble  phosphate  appears  to  vary  for 
different  crops.  For  example,  turnips  appear  often  to  use 
fine-ground  insoluble  rock-phosphate  with  as  beneficial 
results  as  acid  phosphate.  Barley  and  corn  appear  generally 
to  do  better  with  acid  phosphate.  Ground  rock-phosphate 
on  acid  soils  gives  better  results  than  iron  or  aluminum 
phosphate.  These  results,  however,  often  depend  upon  vari- 
ous soil  conditions  as  much  as  upon  the  kind  of  crop. 

(4)  Bone. — The  availability  of  the  tri-calcium  phosphate 
in  animal  bone  is  greater  than  in  ordinary  tri-calcium  phos- 
phate from  mineral  sources  when  the  condition  of  fineness 
is  the  same.  This  is  due  to  the  fact  that  the  phosphate  in 
bone  is  intimately  associated  with  organic  nitrogenous  mate- 
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rial  that  decomposes  easily  under  lavorable  soil  conditions 
and  the  insoluble  phosphate  is  made  gradually  soluble  during 
this  process  of  decomposition.  The  phosphate  in  raw  bone 
becomes  available  less  easily  than  in  bone  from  which  the 
fat  has  been  removed,  because  the  fat  serves  to  retard  the 
decomposition  of  the  bone  and  also  to  make  impossible 
equally  fine  grinding.  Increased  fineness  of  bone  increases 
the  availability.  Under  favorable  conditions,  it  is  believed 
that  from  one-third  to  one-half  of  the  phosphate  in 
bone  becomes  available  for  crops  during  the  first  growing 
season  after  its  application.  The  balance  becomes  available 
approximately  in  the  course  of  two  or  three  years.  So  much 
depends  upon  soil  conditions  that  great  variation  inevitably 
occurs. 

(5)  Basic-slag  phosphate  is  believed,  on  the  basis  of  ex- 
perimental evidence,  to  be  about  one-half  as  quickly  available 
as  soluble  calcium  phosphate,  but,  of  necessity,  much  depends 
on  special  soil  conditions  and  crops.  This  material  has  shown 
good  results  on  acid  soils  and  especially  on  swampy  and 
wet  soils.  Its  degree  of  availability  is  dependent  also  uix)n 
its  fineness  of  division. 

Availability  of  potassium  compounds. — ^All  the  potas« 
slum  salts  commonly  used  in  agriculture,  the  sulphate, 
chloride,  nitrate  and  carbonate,  are  easily  soluble  in  water 
(p.  51).  They  are,  therefore,  in  condition  to  be  distributed 
promptly  and  uniformly  when  the  soil  contains  sufficient 
moisture.  In  this  dissolved  condition  they  are  ready  for 
direct  use  by  plant-roots.  However,  after  potassium  salts 
are  applied  to  a  soil  and  go  into  solution,  considerable  time 
may  elapse  before  the  solution  has  a  chance  to  be  used  by 
a  crop.  Meanwhile,  the  soluble  potassium  compounds  are 
undergoing  reactions  or  exchanges  with  some  of  the  soil 
constituents,  by  which  the  potassium  changes  into  compounds 
that  are  less  easily  soluble  (p.  184).  This  fixation  prevents 
excessive  loss  of  potassium  by  leaching.  In  the  soil  water 
the  potassium  again  slowly  changes  back  to  soluble  com- 
potmds  as  rapidly  as  called  for  by  crop  demands. 
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EFFECT  OF  FERTILIZING  MATERIALS  UPON 

SOILS 

In  applying  plant-food  materials  to  soils,  the  purpose  is  to 
furnish  nutriment  for  crops,  and  the  thought  of  farmers 
has  naturally  not  gone  farther  than  this  one  point.  But  we 
are  coming  to  understand  that  the  application  of  a  chemical 
compound  to  the  soil  may,  and  usually  does,  do  much  more 
than  furnish  plant- food.  What  we  may  call  secondary  effects 
take  place  and  these  often  influence  the  chemical,  physical 
and  biological  properties  of  the  soil,  and,  therefore,  may 
affect  crops  in  ways  not  anticipated.  The  secondary  effects 
thus  produced  by  fertilizers  deserve  our  consideration, 
because  they  have  some  bearing  upon  the  selection  we  may 
make  of  fertilizing  materials.  The  effects  of  organic  mate- 
rials have  been  previously  discussed  (pp.  134-136).  Here  we 
will  confine  our  attention  more  particularly  to  definite  inor- 
ganic compounds. 

Effect  of  sodium  ilitrate  on  soils. — In  applying  sodium 
nitrate  as  a  fertilizer,  we  have  had  in  mind  only  the  effect 
of  nitrate  nitrogen  upon  plants,  and  have  simply  regarded 
the  sodium  as  a  carrier,  used  on  account  of  being  the  most 
convenient  and  cheapest  material  to  be  obtained;  we  have 
not  usually  regarded  the  sodium  as  contributing  anything 
to  the  welfare  or  injury  of  the  soil  or  crop.  As  a  matter  of 
fact,  the  sodium  in  sodium  nitrate  may  be  useful  and  it  may 
be  harmful.  In  what  ways  it  may  thus  act  we  will  now 
consider. 

( I )  Beneficial  effect. — Sodium  in  sodium  nitrate  may  be 
valuable  in  crop  growing,  not  because  it  is  in  any  way  neces- 
sary to  the  direct  nutrition  of  plants,  but  because  of  its 
action  upon  the  insoluble  potassium  compounds  in  the  soil, 
in  which  sodium  changes  places  with  potassium  and  a  soluble 
potassium  compound  results.  To  such  an  extent  may  this 
action  take  place  in  many  soils,  especially  clays,  that  an 
application  of  sodium  nitrate  brings  so  much  potassium  into 
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solution  as  to  make  unnecessary  the  application  of  potas- 
sium compounds. 

(2)  Injurious  effect. — When  sodium  nitrate  is  used  alon^ 
continuously  on  a  soil  for  a  long  time,  it  may  injure  seri- 
ously the  soil,  destroying  its  granular  or  crum.b  structure 
(p.  loi).  Under  such  conditions  the  soil  remains  wet 
and  puddles  badly  (p.  96),  if  disturbed  before  it 
dries.  Such  land  becomes  intolerably  sticky  after  rains 
and  dries  into  hard,  unmanageable  lumps,  so  much  so  that 
it  is  often  difficult  to  secure  a  start  for  young  plant  roots 
except  in  very  favorable  seasons.  These  effects  are  caused, 
it  is  now  believed,  by  the  sodium  contained  in  the  nitrate 
and  left  behind  after  the  nitrate  is  taken  into  the  plant.  It 
may  be  explained  that  a  plant  does  not  take  the  whole  com- 
pound of  sodium  nitrate  into  its  roots  (p.  170),  but  takes 
the  nitrate  and  leaves  practically  all  of  the  sodium  behind 
in  the  soil.  This  residue  of  sodium  combines  readily  with 
the  carbon  dioxide  in  the  soil  water  and  becomes  sodium 
carbonate.  It  is  well  known  that  alkali  carbonates,  such  as 
sodium  carbonate,  produce  deflocculation  (p.  104),  that  is, 
cause  the  soil  grains  or  crumbs,  which  are  necessary  to  a 
good  soil  structure,  to  fall  apart  into  the  very  fine  particles 
composing  the  larger  crumbs.  It  has  been  observed  in  such 
cases  that  the  finest  material  of  the  soil  is  slowly  removed 
in  the  course  of  years.  Bad  soil  structure,  thus  produced,  is 
very  difficult  to  correct.  The  use  of  calcium  compounds, 
such  as  hydrate  or  carbonate,  under  these  conditions  only 
makes  matters  worse.  The  most  effective  remedy  is  the 
application  of  acid  phosphate,  ammonium  sulphate  or  gyp- 
sum, furnishing  acid  to  neutralize  the  alkali  of  the  sodium 
carbonate  and  convert  it  into  a  harmless  compound. 

(3)  Effect  on  soil  acidity. — In  the  preceding  paragraph 
we  have  noted  the  production  of  sodium  carbonate  in  the 
soil  from  the  use  of  sodium  nitrate.  This  sodium  carbonate 
neutralizes  acids  and  prevents  a  soil  becoming  acid.  It 
therefore  saves  the  calcium  carbonate  of  the  soil.    Generally 
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Speaking,  the  effect  of  lOO  pounds  of  sodium  nitrate  in  the 
soil,  when  used  by  plants,  saves  about  loo  pounds  of  calcium 
carbonate. 

Effect  of  use  of  anomonium  sulphate  on  so3s. — ^Ammo- 
nium sulphate  produces  in  soils  a  chemical  condition  the 
reverse  of  that  produced  by  sodium  nitrate.  The  ammonia 
is  changed  in  the  soil  into  nitric  acid  (p.  204),  leaving  free 
or  uncombined  sulphuric  acid,  which  combines  with  calcium 
carbonate  present  in  the  soil.  The  result  is  that  with  long- 
continued  use  of  ammonium  sulphate  as  a  fertilizer,  we 
gradually  use  up  the  calcium  carbonate  of  the  soil  and  then 
have  what  we  call  an  acid  soil  (p.  140).  Under  such  cir- 
cumstances, additional  application  of  ammonium  sulphate 
or  of  organic  nitrogen  does  no  good,  because  the  nitrogen 
is  not  changed  into  nitrate  nitrogen  by  bacteria  in  the  pres- 
ence of  acids  (p.  209).  Therefore,  crops  cannot  thrive. 
In  such  cases  the  simplest  remedy  is  to  apply  calcium  (lime) 
compounds,  either  the  carbonate  or  slaked  lime  (p.  379). 
This  condition  can  be  prevented  by  the  application  of  cal- 
cium carbonate  or  by  using  along  with  ammonium  sulphate 
some  sodium  or  calcium  nitrate.  It  is  obvious  that  it  is 
well  never  to  use  either  sodium  nitrate  or  ammonium  sul- 
phate exclusively  for  long  periods  of  time,  but  to  alternate 
them,  or,  better,  always  use  them  together,  unless  other  mate- 
rials are  applied  to  prevent  the  injurious  action  of  either 
when  used  alone. 

Effect  of  use  of  calcium  nitrate  on  soils. — Calcium 
nitrate  (lime  nitrate)  leaves  in  the  soil,  after  the  nitrate 
has  been  absorbed  by  plant-roots,  calcium,  which  becomes 
carbonate  under  normal  conditions,  and  is  on  this  account 
a  more  desirable  compound  to  use  than  sodium  nitrate, 
which  leaves  sodium  carbonate, 

Effect  of  use  of  ammonium  nitrate  and  potassium 
nitrate  on  soils. — When  ammonium  nitrate  is  applied  to 
soils,  the  nitrate  is  used  as  such  and  the  ammonia  is  con- 
verted into  nitrate  and  then  absorbed.  Under  conditions 
which  enable  plants  to  use  all  the  nitrogen  of  this  compound. 
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no  residue  is  left  in  the  soil,  so  that,  theoretically  at  least, 
the  soil  is  left  in  the  same  condition  as  before  so  far  as  the 
effect  of  the  ammonium  nitrate  is  concerned.  The  ammo- 
nium nitrate  itself  undoubtedly  has  some  direct  chemical 
and  physical  effects  upon  some  of  the  soil  constituents  before 
it  is  used  by  plants,  but  we  are  here  considering  more  par- 
ticularly the  effects  of  compounds  left  as  residues  after  the 
plant  has  absorbed  the  plant-food  constituents. 

In  the  case  of  potassium  nitrate  both  constituents  may  be 
conceived  as  being  used  by  the  growing  plant  and,  under 
ordinary  conditions,  leaving  no  residue. 

Effect  of  use  of  calcium  cyanamid  on  soils. — ^The  nitro- 
gen of  the  cyanamid  is  changed  to  ammonia  and  then  to 
nitrate,  forming  probably  calcium  nitrate,  which  after  being 
used  by  the  plant  leaves  calcium  to  form  the  carbonate.  It 
has  been  stated  that  imder  some  conditions  calcium  cyanamid 
forms  in  the  soil  i  compound  called  dicyandiamid,  which  has 
a  poisonous  effect  upon  plants,  though  probably  jio  particular 
effect  upon  the  soil  itself. 

Effect  of  use  of  superphosphates  on  soils. — Whether 
we  use  a  superphosphate  (p.  271)  made  by  dissolving  rock- 
phosphate  or  bone,  we  have  in  all  acid  phosphates,  dissolved 
bone,  etc.,  a  mixture  of  acid  calcium  phosphate  and  hydrated 
calcium  sulphate  (gypsum).  We  have  previously  seen  (p. 
182)  that  the  soluble  phosphate  is  more  or  less  quickly 
changed  in  the  soil  into  di-calcium  or  "reverted"  phosphate 
through  combination  with  calcium  or  calcium-carbonate. 
When  this  compound  again  becomes  soluble  phosphate,  it  is 
probably  absorbed  as  a  whole  without  leaving  any  residue,  or 
if  any  is  left,  it  is  calcium,  which  becomes  carl>onate  under 
normal  soil  conditions.  The  effects  on  the  soil  of  gypsum 
contained  in  superphosphates  are  more  pronounced  than 
those  of  the  acid  calcium  phosphate.  Theoretically  at  least, 
calcium  sulphate  applied  to  soils  may  have  several  different 
effects.  The  most  common  one  attributed  to  it  is  conversion 
of  certain  insoluble  potassium  compounds  into  soluble  potas- 
sium sulphate,  the  calcium  taking  the  place  of  potassium  in 
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the  insoluble  compound.  The  potassium  sulphate  thus  formed 
is  utilized  as  plant-food;  the  plant  uses  larger  amounts  of 
potassium  than  of  sulphate,  so  that  much  of  the  sulphate 
is  left  in  the  soil  as  free  sulphuric  acid.  If  calcium  car- 
bonate or  some  other  basic  compound  is  not  present  in  suf- 
ficient amounts  to  neutralize  the  acid,  there  may  be  an  accu- 
mulation of  sulphuric  acid  or  of  its  reaction  products,  with 
continuous  applications  of  superphosphate,  and  the  soil  in 
time  becomes  acid.  Superphosphates  have  gained  the  reputa- 
tion of  producing  "sour"  soils,  and  the  popular  explanation 
has  been  that  it  was  due  to  the  soluble  phosphate,  which  is 
known  to  be  an  acid  salt,  while  in  reality  it  is  due  rather  to 
the  calcium  sulphate,  present  in  superphosphates. 

Effect  of  use  of  potassium  compounds  on  soils. — It 
would  naturally  be  thought  that  when  we  apply  to  soils 
potassium  chloride  or  sulphate,  the  plant  after  absorbing  the 
-potassium  and  rejecting  most  of  the  hydrochloric  or  sul- 
phuric acid  would  tend  to  bring  about  an  acid  condition  in 
the  soil  as  the  result  of  continued  application  of  such  potas- 
sium compounds.  We  have  previously  stated  (p.  184)  that 
when  these  potassium  salts  are  applied  to  soils  they  are 
usually  converted  into  insoluble  compounds,  their  acids  com- 
bining with  calcium  or  magnesium  to  form  the  chloride  or 
sulphate  of  these  elements.  These  compounds,  the  chloride 
and  sulphate  of  calcium  and  magnesium,  are  found  exten- 
sively in  drainage  waters.  In  this  way,  the  acid  constituents 
of  applied  potassium  chloride  and  sulphate  are  removed  from 
soils  to  such  an  extent  as  to  prevent  accumulation  and  acidity. 
Of  course  the  presence  of  an  abundance  of  calcium  carbon- 
ate in  soils  favors  the  rapid  formation  and  removal  of  any 
excess  of  hydrochloric  or  sulphuric  acid. 

Effect  of  use  of  potassium  carbonate  on  soils. — Potas- 
sium carbonate,,  the  chief  potassium  compound- in  wood- 
ashes  (p.  283),  when  applied  to  soils  is,  on  account  of  its 
easy  solubility  and  alkalinity,  a  quick  and  powerful  neu- 
tralizer  of  acids.    If  used  in  excess,  the  effect  is  the  same 
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as  in  case  of  sodium  carbonate  (p.  438),  to  destroy  the 
crumb  structure  of  the  soil. 

ADAPTATION  OF  FORMS  OF  PLANT-FOODS 

TO  CROPS 

Each  crop  possesses  individual  characteristics,  varying 
from  others  in  many  ways ;  among  these  differences  we  may 
mention  for  our  purpose  the  habits  of  root  growth,  so-called 
"feeding-power"  (p.  172),  season  of  growth,  etc.  On  account 
of  such  variations,  some  forms  of  plant-food  constituents  are 
better  adapted  to  promote  normal  growth  than  others. 
Another  diflFerence  has  been  found  in  some  cases  in  that  the 
character  and  commercial  quality  of  the  crop  are  affected 
favorably  by  one  plant-food  compound  and  unfavorably 
by  another  compound  containing  the  same  plant-food  con- 
stituent. In  furnishing  fertilizers  it  is  desirable,  as  a  matter 
of  their  most  effective  use,  to  take  into  consideration  these 
individual  peculiarities  so  far  as  we  have  learned  them.  We 
will  now  consider  some  of  the  applications  of  the  more 
important  facts  bearing  on  these  relations. 

Adaptation  of  fertilizers  to  feeding-habits  of  crops,  sea- 
son of  growth,  etc. — In  discussing  those  individual  char- 
acteristics of  plants  that  interest  us  here,  we  can  conveniently 
divide  agricultural  plants  into  several  different  classes ;  the 
members  of  each  class,  while  differing  in  many  ways,  have 
in  common  certain  resemblances  that  are  of  importance  in 
this  connection.  The  different  classes  of  farm  crops,  as  we 
shall  consider  them  here,  are:  (i)  Cereal,  (2)  leguminous, 
(3)  grass,  (4)  orchard,  (5)  root,  and  (6)  garden  crops. 

(i)  Cereal  crops. — These  crops  are  comparatively 
shallow-rooted;  starting  near  the  surface,  the  main  roots 
send  out  feeding  roots  in  every  direction,  occupying  the 
upper  layer  of  soil  extensively  before  the  end  of  the  growing 
season  and  also  reaching  more  deeply  down  into  the  soil. 
On  account  of  location  of  the  root  system,  fertilizers  are 
most  effectively  applied  in  the  upper  layer  of  soil ;  in  the  case 
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of  very  soluble  forms  of  compounds,  the  nearer  they  are 
placed  to  the  surface  the  better,  provided  rain  can  be  relied 
upon  to  dissolve  them.  Such  cereals  as  barley,  oats,  rye 
and  wheat  need  a  large  proportion  of  their  nitrogen  during 
the  early  part  of  the  growing  season  and  at  this  time  there 
is  apt  to  be  a  lack  of  nitrate  nitrogen  because  nitrification 
does  not  get  well  started  until  the  weather  has  warmed  the 
soil  (p.  204).  On  this  account,  the  application  of  nitrate 
in  spring  to  these  crops  is  usually  found  most  beneficial.  In 
the  case  of  corn,  which  has  a  long  growing  season,  making 
its  best  growth  after  the  other  cereals  have  matured,  nitro- 
gen is  better  applied  for  the  most  part  in  the  form  of  organic 
materials,  since  nitrification  is  most  active  by  the  time  the 
com  crop  makes  its  largest  demands.  For  this  reason  farm 
manure  gives  good  results.  All  cereals  are  generally  benefited 
by  application  of  soluble  calcium  phosphate.  Oats  and  com 
appear  to  be  able  to  utilize  some  forms  of  plant-food  in  soils 
to  better  advantage  than  wheat  does.  Barky  should  have 
comparatively  small  applications  of  soluble  nitrogen  com- 
pounds, since  the  quality  of  the  grain  for  malting  purposes 
is  injured  by  too  much  nitrogen  in  the  early  stages  of  growth. 
Owing  to  the  comparative  shallowness  of  the  root  system 
of  barley,  it  cannot  forage  for  phosphorus  as  well  as  other 
cereals  and  therefore  should  be  furnished  with  a  supply. 

(2)  Leguminous  crops  have,  for  the  most  part,  compara- 
tively long  roots,  which  in  some  cases  go  deep  down  into 
the  soil ;  they  are  able  to  absorb  plant-food  compounds  from 
the  soil  with  much  vigor.  Their  chief  distinguishing  charac- 
teristic is  their  power  to  make  use  of  atmospheric  nitrogen 
(p.  215),  which  reduces  greatly  the  amount  of  nitrogen  that 

needs  to  be  furnished.  In  starting  some  of  the  leguminous 
crops  on  poor  soils,  alfalfa  particularly,  application  of 
sodium  nitrate  is  helpful.  On  most  soils,  the  fertilizing 
materials  that  are  found  most  effective  on  leguminous  crops 
are  calcium,  potassium  and  phosphorus  compounds. 

(3)  Grass  crops  are  generally  shallow-rooted  and  obtain 
their  food  supplies  from  a  comparatively  narrow  range  of 
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soil.  Grasses  in  permanent  meadows  and  pastures  are 
greatly  benefited  by  fertilizers.  Nitrogen  in  soluble  forms 
is  especially  useful  because  the  chief  part  of  the  crop  con- 
sists of  stems  and  leaves,  the  growth  of  which  is  largely 
dependent  on  nitrogen  (p.  65).  In  grass  lands  where  the 
crop  has  occupied  the  soil  for  over  a  year,  decomposition 
changes  are  less  active  because  the  air  supply  is  reduced; 
nitrification  is,  therefore,  very  slow  and  the  crop  is  generally 
in  condition  to  respond  promptly  to  nitrogen  feeding. 

(4)  Orchard  crops  are  capable  of  collecting  food  from  a 
wide  extent  of  soil  and  at  considerable  depth.  They  should 
have  a  continuous  supply  of  plant- food  materials  in  moderate 
amounts  and  in  fairly  soluble  form,  but  they  should  not  be 
so  fertilized  as  to  make  rapid  growth  of  new  wood,  or  to 
prolong  their  growth  too  late  in  the  fall. 

m 

(5)  Root  crops  do  not  have  the  ability  to  range  through 
wide  reaches  of  soil ;  each  plant  must  take  its  food  from  a 
comparatively  limited  area.  It  is  important,  therefore,  to 
supplement  the  soil  food  supply  with  fertilizers  in  fairly 
soluble  forms.  Turnips  appear  to  respond  to  phosphate 
compounds,  while  carrots,  beets,  parsnips,  etc.,  are  benefited 
by  available  forms  of  nitrogen. 

(6)  Garden  crops  include  plants  differing  greatly  in  their 
habits  and  seasons  of  growth.  The  chief  purpose  for  which 
these  crops  are  grown  is  the  production  of  leaves  and  stalks, 
in  most  cases,  of  a  tender,  succulent  character.  The  desired 
quality  is  dependent  on  rapidity  of  growth,  and,  therefore, 
abundance  of  soluble  nitrogen  is  essential.  Enough  available 
phosphorus  and  potassium  must  be  insured  to  enable  the 
nitrogen  to  accomplish  its  work  most  effectively.  Farm 
manure  in  large  amount  is  often  used. 

Adaptation  of  fertilizers  to  quality  of  product. — ^We 

have  already  in  the  preceding  paragraphs  illustrated  the  fact 
that  some  crops  thrive  better  on  sodium  nitrate  at  certain 
stages  of  growth  than  at  others.  But  there  are  some  cases  in 
which  the  quality  of  the  product  is  affected  favorably  by  some 
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constituent  of  plant-food  in  the  form  of  one  compound  and 
unfavorably  by  another  compound  containing  the  same  con- 
stituent. This  is  strikingly  shown  in  the  case  of  tobacco. 
The  quality  of  tobacco  is  injured  by  chlorine.  Potassium 
carbonate  or  sulphate  is,  therefore,  used  and  not  chloride,  in 
tobacco  fertilizers.  It  has  been  stated  that  the  quality  of 
sugar-beets  is  better  with  potassium  sulphate  than  with 
chloride.  This  probably  refers  to  the  character  of  crystal- 
lization, which  causes  less  sugar  to  remain  in  molasses.  Much 
has  been  said  about  the  effect  of  potassium  salts  upon  pota- 
toes. So  far  as  facts  are  available  at  the  present  time,  it  is 
believed  that  on  light  soils,  either  chloride  or  sulphate  of 
potassium  can  be  used  with  equally  satisfactory  results ;  but, 
on  clay  soils  and  especially  in  wet  seasons,  the  use  of  chloride 
appears  to  produce  potatoes  which  contain  less  starch  and 
which  are  heavy  or  watery  when  cooked,  while  the  use  of 
sulphate  produces  potatoes  containing  more  starch  and  of 
mealy  texture  when  cooked.  Probably  many  new  facts  in 
this  line  remain  to  be  discovered,  which  will  enable  us  to 
control  more  or  less  directly  the  quality  of  crops. 

COMPARATIVE  COST  OF  PLANT-FOOD 

MATERIALS 

The  materials  used  in  supplying  plant-foods  to  crops  vary 
in  cost  for  the  same  plant-food  constituent.  Considerable 
saving  in  the  purchase  of  fertilizing  materials  can  be  made 
by  a  careful  selection  based  upon  a  study  of  market  values. 
In  many  cases  the  less  expensive  form  will  answer  the  farm- 
er's purpose  as  well  as  the  more  expensive.  Other  things 
being  equal,  it  is  economy  to  purchase  the  cheapest  form  that 
will  meet  our  needs.  Prices  are  constantly  varying  and  we 
can  discuss  the  subject  only  in  an  illustrative  way.  Later 
(p.  482)  we  will  give  more  specific  information  regarding 
the  purchase  of  fertilizing  materials. 

Nitrogen-containing  materials. — We  cannot  do  better 
in  discussing  prices  of  nitrogen  than  to  illustrate  by  making 
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use  of  quotations  prevailing  at  the  time  of  this  writing.  In 
the  following  tabulated  statement  are  given  (i)  the  retail 
price  per  ton  in  bags  f .  o.  b.  New  York  City  for  nitrogen  in 
three  different  forms,  (2)  the  percentage  of  nitrogen,  (3) 
the  number  of  pounds  of  nitrogen  in  one  ton,  and  (4)  the 
cost  of  one  pound  of  nitrogen. 

Table  41 — Retail  Cost  of  Nitrogen  in  Different 

Materials 


Material 

Retail  price 
per  ton 

Per  cent  of 
nitrogen 

Pounds  of  nitro- 
gen in  one  ton 

Cost  of  one 
pound  of 
nitrogen 

Sodium  nitrate 

Ammonium  sulphate 

Dried  blood 

Calciiim  cyanamid  . . 

$46.00 
66.00 
60.00 
53.00 

15.65 
20.60 
13.20 
18.00 

313 
412 
264 
360 

14.7  cents 

14.6  *• 

22.7  " 
14.7     " 

An  examination  of  the  figures  in  the  last  column  shows 
that  one  poimd  of  nitrogen  in  the  form  of  sodium  nitrate 
or  of  ammonium  sulphate  or  of  cyanamid,  costs  a  little  less 
than  15  cents  a  pound,  but  in  dried  blood  the  cost  is  nearly 
23  cents,  8  cents  more  a  pound.  At  these  prices  dried  blood 
is  hardly  to  be  regarded  as  within  reach,  when  ammonia  and 
nitrate  nitrogen  can  be  purchased  for  so  much  less. 
Nitrogen  in  such  materials  as  wool-waste,  ground 
leather,  hair,  muck,  etc.,  can  be  purchased  for  much  less, 
but  these  forms  of  nitrogen  are  not  usually  economical  at 
any  price. 

Phosphorus-containing  materials. — Soluble  calcium 
phosphate  can  be  purchased  most  cheaply  in  the  form  of 
acid  phosphate.  Genuine  dissolved  bone  and  bone-black  are 
found  only  in  small  amounts  and  their  phosphorus  comes 
relatively  high  in  price.  The  market  materials  containing 
only  the  plant-food  element  of  phosphorus  without  nitrogen 
or  potassium  are  acid  phosphate,  basic-slag  phosphate  and 
ground  phosphate- rock  or  "floats."  These  exist  in  different 
forms  of  availability,  but  we  will  give  them  in  the  following 
table  with  their  retail  prices: 
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Table  42 — Cost  of  Phosphoric  Acid  (Phosphorus)  in 

Different  Materials 


Material 


Acid  phosphate  . . . 

Basic-slag  p  h  o  s  - 
phate   

Ground  rock  phos- 
phate   


Retail  price 
per  ton 


$13.00 

14.25 

8.00 


Per  cent,  of 
phosphoric  acid 


14  f6.2P)  available 
16  (7.  P)  mostly 
available 

28  (12.3P)  insoluble 


Pounds  of 

phosphoric  acid 

in  one  ton 


280  (124P) 
320  (140P) 
560  (243P) 


Cost  of  one 
pound  of  phos- 
phoric acid 

Cents 
4.6  (10.5P) 

4.5  (10.2P) 

1.4  (3.2P) 


P,  phosphorus. 

These  prices  are,  of  course,  not  comparable  because  the 
availability  of  the  phosphorus  is  not  the  same.  For  most 
purposes  where  quick  action  is  desired,  as  for  example,  in 
starting  a  young  crop,  soluble  phosphate  is  necessary.  For 
moderate  availability,  basic  slag  can  be  used.  When  one  can 
make  use  of  ground  rock-phosphate  (p.  263),  this  is  by  far 
the  cheapest  form  of  phosphorus,  but  it  is  ordinarily  useless 
for  immediate  results. 

Materials  containing  nitrogen  and  phosphorus. — The 
comparison  of  prices  in  case  of  materials  containing  more 
than  one  plant-food  constituent  is  somewhat  more  compli- 
cated, but  the  results  are  readily  comparable  in  materials 
like  bone,  tankage,  fish,  etc.,  as  shown  in  the  following  table : 

It  is  obvious  that  fish-scrap,  like  dried  blood,  is  selling 
for  more  than  it  is  worth  to  farmers.    The  nitrogen  in  bone 

Table  43 — Cost  of  Nitrogen  and  Phosphorus  in  Bone, 

Tankage,  etc. 


Material 


Retail 

price 

per  ton 


Per  cent 

of 
nitrogen 


Per  cent 
of  phos- 
phoric 
acid 


Pounds 
of 

nitrogen 


Potinds 
of  phos- 
phoric 
acid 


Cost  of 

one 

pound  of 

nitrogen 


Cost  of 

one 
pound 
of  phos- 
phoric 
acid 


Ground    steamed 
bone 

Raw  bone  

Bone-tankage  . . . 

Bone-tankage  .  . . 

Fish  scrap 

ground 


cents 

$26.00 
30.00 
24.00 
28.00 

1.0 
3.3 
4.0 
6.5 

24.0 

20.0 

18.0 

9.0 

20 

66 

80 

130 

480 
400 
360 
180 

18.0 
19.4 
15.8 
16.8 

55.00 

8.0 

5.0 

160 

100 

30.6 

cents 

3.6 
3.9 
3.2 
3.4 

6.1 
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is  moderately  high  ae  compared  with  nitrate  and  other  inor- 
ganic forms,  but  is  lower  than  nitrogen  in  blood.  The  cheap- 
est forms  of  organic  nitrogen  are  found  in  nitrogenous 
tankage.  Phosphorus  is  cheapest  in  tankage ;  it  is  higher  in 
raw  than  in  steamed  bone,  although  it  is  more  available  in 
the  steamed  bone  on  account  of  increased  fineness  and 
absence  of  fat. 

Potassium-containing  compounds. — Of  all  commercial 
plant-food  materials,  the  potassium  compounds  have  varied 
least  in  price,  owing  to  the  German  monopoly  of  the  supply. 
The  following  tabulated  statement  gives  a  fair  idea  of  the 
relative  prices  of  the  different  materials : 


Table  44 — Cost  of  Potassium  in 

Different 

Materials 

Material 

Retail  price 
per  ton 

Per  cent,  of 
potash  (K2O) 

Pounds  of 

potash  (KaO) 

in  one  ton 

Cost  of  one 
pound  ofpotash 

Potassium  chloride 

(muriate) 

Potassium  sulphate 
Potassitmi  caroo- 
nate 

$41.00 
48.00 

79.00 
12.00 
12.00 

50  (41. 5K) 
48  (40.0K) 

60  (50.0K) 

12  (lO.OK) 

5  (  4.0K) 

1000  (g30K) 
960  (800K) 

1200  (lOOOK) 
240  (200K) 
100  (80K) 

cents 

4.1  (5.0*) 
5.0  (6.0*) 

6.5  (7.9*) 

5.0  (6.0*) 

12.0  (15.0*) 

Kainite 

Wood  ashes 

K,  potassium.       ^Figures  in  parentheses  give  cost  of  1  pound  of  potassium  (K). 

The  cost  of  wood-ashes  makes  their  use  a  luxury  as  a 
source  of  potassium,  and  the  cost  is  still  high  even  if  we  make 
generous  allowance  for  the  calcium  and  phosphorus  com- 
pounds. For  most  crops,  chloride  answers  every  purpose 
and  costs  least.  Commercial  potassium  carbonate  is  little 
used  at  present ;  this  can  be  used  by  those  who  want  a  sub- 
stitute for  the  potassium  carbonate  in  wood-ashes. 

Whether  we  consider  unmixed  fertilizing  materials  or 
mixed  commercial  fertilizers,  the  constant  aim  should  be  to 
obtain,  in  purchasing,  the  largest  amounts  of  nitrogen,  phos- 
phorus and  potassium  in  availabk  form  that  we  can  buy  for 
one  dollar,  instead  of  as  many  pounds  as  possible  of  material 
without  reference  to  the  amount  and  character  of  plant-food 
contained  in  it. 


CHAPTER  XXIV     • 
FACTS  ABOUT  COMMERCIAL  FERTILIZERS 

Commercial  fertilizers  are  manufactured  preparations, 
made  by  mixing  plant-food  materials  of  different  kinds, 
and  commonly  sold  under  special  trade-names.  They  are 
also  known  as  artificial,  prepared  or  manufactured  ferti- 
lizers or  manures.  When  they  consist  only  of  inorganic 
materials,  they  are  often  called  chemical  fertilizers  or 
manures.  The  term  "agricultural  chemicals"  is  often  ap- 
plied to  such  materials  as  sodium  nitrate,  ammonium  sul- 
phate, calcium  cyanamid,  calcium  nitrate,  potassium  chlo- 
ride, potassium  sulphate,  superphosphates,  etc. 

The  materials  used  in  making  commercial  fertilizers 
include  manufactured  products,  substances  found  in,  or 
prepared  from,  natural  deposits,  and,  in  addition,  mate- 
rials that  form  by-products  of  numerous  industries,  ob- 
tainable only  through  the  channels  of  trade.  These  ma- 
terials are  described  in  Part  II.  (pp.  244-287),  and  include 
familiar  substances. 

While  commercial  fertilizers  contain  numerous  con- 
stituent elements,  their  chief  value  depends  on  the  pres- 
ence of  only  three  forms  of  plant-food,  and  these  are 
compounds  of  nitrogen,  phosphorus  and  potassium.  Their 
agricultural  value  varies  in  accordance  with  the  forms 
and  amounts  of  these  different  plant-food  compounds. 
It  may  be  added  that  in  all  fertilizers  containing  phos- 
phorus this  element  is  in  combination  with  calcium,  and 
in  superphosphates  there  is  also  present  hydrated  calcium 
sulphate  (gypsum). 

Commercial  fertilizers  are  known  as  complete  and  tn- 
complete.  Complete  fertilizers,  also  called  general  ferti- 
lizers, are  those  containing  the  three  plant-food  constitu-t 
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ents,  nitrogen,  phosphorus  and  potassium.  Incomplete 
fertilizers,  known  sometimes  as  special  fertilizers,  are 
those  containing  only  one  or  two  of  the  three  important 
plant-food  constituents. 

The  value  of  the  commercial  fertilizers  used  in  the 
United  States  is  estimated  to  be  not  less  than  $100,000,000 
a  year  and  it  is  probably  more  than  this  sum.  It  is, 
therefore,  a  subject  of  importance  which  deserves  thor- 
ough discussion  in  all  of  its  relations  to  consumers.  We 
shall  consider  the  subject  under  the  following  headings: 

1.  Meaning  of  guarantee-analysis. 

2.  High-grade  and  low-grade  fertilizers, 

3.  Brand  names  of  fertilizers. 

4.  Meaning  and  use  of  commercial  valuations  of  ferti- 
lizers. 

5.  Fertilizer  laws:  objects,  methods.. 

6.  Advantages  and  disadvantages  of  commercial  fer- 
tilizers. 

MEANING  OF  GUARANTEE-ANALYSIS 

In  all  states  where  fertilizers  are  used,  manufacturers 
are  required  by  law  to  state  on  each  package  what  per- 
centage of  nitrogen,  phosphorus  (phosphoric  acid,  P2O5), 
and  potassium  (potash,  K2O),  the  fertilizer  contains;  in 
some  states  they  are  also  required  to  state  the  source  or 
form  of  the  nitrogen  and  of  the  potassium. 

In  examining  the  guarantee-statements  of  analysis  of 
diflFerent  manufacturers,  we  find  much  variation  in  the 
terms  used.  Some  forms  are  simple,  stating  only  essen- 
tial facts  of  composition,  while  others  are  needlessly 
complicated  and  confusing  to  farmers.  We  will  now 
consider  the  different  terms  found  in  such  guarantees. 
We  will  first  give  illustrations  of  a  complicated  and  faulty 
.,  form  of  guarantee-analysis,  and  then  of  a  simplified  form. 
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Faulty  Form  of  Guarantee- Analysis 

Nitrogen 2.0  to    2.5  per  cent. 

Bqual  to  ammonia 2.4   "    3.0       '* 

Soluble  phosphoric  acid 6.0  "    8.0       " 

Equal  to  bone  phosphate  of  lime 13.0   "  17.5       ** 

Available  phosphoric  acid 8.0  **  10.0 

Equal  to  bone  phosphate  of  lime 17.5   '*  22.0 

Insoluble  phosphoric  acid 1.0   **    2.0 

Equal  to  insoluble  bone  phosphate ....  2.3    **    4.5       " 

Total  phosphoric  add 10.0   '*  12.0       ** 

Equal  to  total  bone  phosphate  of  lime. .  22.0   **  26.0       ** 

Potash 6.0  ••    8.0       " 

Equal  to  sulphate  of  potash 1 1.5   **  14.8 


«• 
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Simple  and  Sensible  Form  of  Guarantee- Analysis 

Nitrogen 2  per  cent. 

Available  phosphoric  acid 8       ** 

Potash 6       •• 

The  simple  form  conveys  all  the  information  afforded 
by  the  first  without  confusing  or  misleading.  We  would 
call  attention  here  to  the  fact  that  in  the  first  form,  two 
percentages  are  given  in  each  case,  as  nitrogen,  2  to  2.5, 
while  in  the  second  only  one  figure  is  given,  2  per  cent. 
The  old  custom  of  stating  each  guarantee  in  two  different 
percentages  was  supposed  to  be  based  on  the  difficulty  of 
making  an  exact  mixture;  as  a  matter  of  fact,  the  usage 
often  had  its  foundation  in  an  attempt  to  make  farmers 
think  that  there  were  larger  amounts  of  fertilizing  com- 
pounds present  than  there  were  actually.  When  such 
double  guarantees  are  used,  manufacturers  are  legally 
held  only  to  the  lower  figure;  the  higher  figure  is,  there- 
fore, a  meaningless  ornamentation  and  is  apt  to  be  mis- 
leading, so  far  as  the  farmer  is  concerned.  The  more 
progressive  manufacturers  of  fertilizers  have  discontin- 
ued this  faulty  practice. 

We  will  now  take  up  the  different  terms  that  are  liable 
to  appear  in  guaranteed  statements  of  analysis,  and  will 
explain  their  meaning. 

Terms  used  in  stating  guarantee  of  nitrogen. — We  find 
one  or  more  of  the  following  terms  commonly  used  in 
stating  the  guaranteed  percentage  of  nitrogen  in  com- 
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mercial  fertilizers:  (i)  Nitrogen,  (2)  ammonia,  (3) 
nitrogen  equal  (or  equivalent)  to  ammonia,  (4)  nitrogen 
from  animal  matter,  (5)  nitrogen  from  organic  matter^ 
(6)  total  available  nitrogen. 

( 1 )  Nitrogen,  as  used  in  statements  of  guaranteed  analy- 
sis, refers  to  the  total  amount  of  nitrogen  present  in  thft 
fertilizer  without  reference  to  the  form  of  combination 
in  which  it  exists.  It  does  not  state  whether  the  nitrogen 
is  present  as  nitrate,  ammonia,  or  organic  nitrogen,  but 
simply  that,  whatever  form  it  is  in,  there  is  the  specified 
amount. 

(2)  Ammonia  was  formerly  used  exclusively  in  stating 
the  amount  of  nitrog^en  in  fertilizers  and  is  still  used  ex- 
tensively in  commercial  market  quotations,  and  amonj^ 
dealers  in  fertilizers,  regardless  of  whether  the  material, 
in  question  contains  any  ammonia  compound.  The  us<i 
of  the  term  ammonia  in  a  guarantee-analysis  is  mis- 
leading to  most  farmers,  because  they  suppose  that 
nitrogen  and  ammonia,  are  the  same.  A  pound 
of  ammonia  contains  less  than  a  pound  of  nitrogen 
because  ammonia  consists  of  nitrogen  in  combina- 
tion with  hydrogen  (p.  39) ;  100  pounds  of  am- 
monia contain  82  1-3  pounds  of  nitrogen  and  17  2-3 
pounds  of  hydrogen,  or,  stated  another  way,  100  pounds 
of  nitrogen  will  make  I2ij/^  pounds  of  ammonia.  The 
figure  giving  the  percentage  of  nitrogen  as  ammonia  is, 
therefore,  higher  than  that  for  nitrogen.  In  purchasing 
fertilizers,  farmers  should  insist  on  a  guaranteed  state- 
ment of  the  percentage  of  nitrogen  and  should  pay  no 
attention  whatever  to  the  ammonia  percentage.  As  a 
matter  of  fact,  commercial  fertilizers  usually  contain  no 
actual  ammonia  compound  whatever  and  to  state  the 
nitrogen  as  ammonia  under  such  circumstances  is  mis- 
leading, to  say  the  least. 

(3)  Nitrogen  equal  or  equivalent  to  ammonia  is  a  form 
of  expression  which  means  simply  that,  if  the  nitrogen 
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were  present  as  ammonia,  there  would  be  the  percentage 
stated;  it  does  not  usually  mean  that  any  form  of  am- 
monia is  present. 

(4)  Nitrogen  from  animal  matter  is  occasionally  found 
in  guarantees  and  means  that  the  fertilizer  contains  such 
materials  as  dried  blood,  ground  meat,  fish,  bone,  horn  or 
hoof  meal,  etc.,  but  does  not  necessarily  exclude  useless 
leather  and  hair. 

(5)  Nitrogen  from  organic  matter  furnishes  very  little 
information,  except  that  nitrate,  ammonia  or  cyanamid 
nitrogen  is  not  present ;  this  form  of  statement  does  not 
exclude  unavailable  forms  of  organic  nitrogen,  such  as 
leather,  hair,  muck,  etc. 

(6)  Total  available  nitrogen  implies  that  all  the  nitro- 
gen in  th-e  fertilizer  is  available  as  plant-food,  but 
gives  no  information  as  to  whether  it  is  quickly  or 
slowly  so. 

Terms  used  in  stating  guarantee  of  phosphorus  as 
phosphoric  acid. — While  all  the  needed  information  in 
regard  to  the  amount  of  phosphorus  in  a  fertilizer  can  be 
stated  in  two  or  three  forms,  we  often  find  twice  as  many. 
Among  the  diflFerent  forms  of  statement  are  the  follow- 
ing: (i)  Phosphoric  acid,  (2)  soluble  phosphoric  acid, 
(3)  citrate-soluble  phosphoric  acid,  (4)  "reverted"  phos- 
phoric acid,  (5)  "precipitated"  phosphoric  acid,  (6) 
available  phosphoric  acid,  (7)  soluble  and  available 
phosphoric  acid,  (8)  insoluble  phosphoric  acid,  (9)  total 
phosphoric  acid,  (10)  phosphoric  acid  equal  (or  equiva- 
lent) to  bone  phosphate  of  lime. 

Before  discussing  the  meaning  of  the  foregoing  terms, 
we  will  briefly  review  some  facts  regarding  phosphoric 
acid  compounds  in  fertilizers.  Phosphorus  in  the  form 
of  phosphoric  acid  or  phosphate  compounds  is  usually 
pre^nt  in  fertilizers  in  the  form  of  three  different  com- 
pounds, (a)  acid  calcium  or  mono-calcium  phosphate 
(P-  47) »  which  is  soluble  in  water,  (b)   di-calcium  or 
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"reverted**  phosphate  (p.  47),  which  is  insoluble  in 
water  but  soluble  in  a  dilute  solution  of  ammonium  cit- 
rate, and  (c)  tri-calcium  or  insoluble  phosphate  (p.  47), 
which  is  not  soluble  either  in  water  or  in  a  solution  of 
ammonium  citrate.  The  total  phosphoric  acid  includes 
all  the  phosphorus  in  the  fertilizer  whether  present  in  one 
or  two  or,  as  is  usually  the  case,  in  all  three  of  these 
forms.  Available  phosphoric  acid  includes  the  sum  of  the 
zvater-soluble  and  '^reverted'*  or  citrate-soluble,  and  is  equal 
to  the  total  phosphoric  acid  less  the  insoluble.  Therefore, 
all  the  needed  information  can  be  furnished  by  stating 
simply  the  amount  of  phosphoric  acid  in  these  three 
forms — soluble,  "reverted"  and  insoluble,  and  can  usu- 
ally be  further  simplified  by  specifying  only  available. 
We  will  now  discuss  some  of  the  other  special  terms, 
(i)  Phosphoric  acid,  as  used  for  the  purpose  of  stating 
the  amount  of  phosphorus  in  the  form  of  phosphate  com- 
pounds, is  a  compound  consisting  of  phosphorus  and 
oxygen  (P2O5),  which  is  never  found  by  itself  in  ferti- 
lizers but  only  in  combination  with  calcium  (lime).  As 
already  explained  (p.  43),  it  is  simply  an  arbitrary 
term  long  used  by  chemists  in  stating  the  percentage 
of  phosphorus.  Following  the  usage  of  substituting 
nitrogen  for  ammonia,  it  would  be  really  simpler  and 
more  consistent  to  state  the  amount  as  actual  phosphorus 
than,  as  we  now  do,  phosphorus  in  combination  with  a 
certain  amount  of  oxygen. 

(2)  Soluble  phosphoric  acid  means  the  phosphorus  exist- 
ing as  acid  calcium  phosphate  (CaH4(P04)2  p.  45), 
which,  as  already  stated,  is  soluble  in  water. 

(3)  Citrate'Soluble,  ^'reverted"  and  "precipitated,"  are 
terms  used  to  indicate  phosphorus  when  present  as  di- 
calcium  phosphate  (Ca2H2(P04)2,  p.  45). 

(4)  Available  phosphoric  acid,  or  soluble  and  available, 
includes  the  sum  of  water-soluble  and  citrate-soluble 
(the  mono-  and  di-calcium  phosphates). 
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(5)  Insoluble  phosphoric  acid  applies  to  that  present  as 
tri-calcium  phosphate  (Ca3(P04)2,  p.  45)- 

(6)  Total  phosphoric  acid  means  the  sum  of  the  soluble, 
reverted  and  insoluble,  or  all  phosphorus  present  what- 
ever the  form. 

(7)  Phosphoric  acid,  equal  to  bone  phosphate  of  lime,  is 
an  expression  which  usually  means  simply  nothing  more 
than  insokible.  The  expression  is  misleading,  since  it  is 
often  taken  by  farmers  to  mean  that  the  phosphorus  is 
derived  from  bone.  The  most  it  means  is  that  if  the 
given  amount  of  phosphorus  were  present  as  insoluble 
or  tri-calcium  phosphate,  there  would  be  the  percentage 
of  bone  phosphate  of  lime  indicated.  It  is  misleading  in 
another  way,  in  that  it  gives  a  percentage  more  than 
twice  as'  large  as  that  given  for  phosphoric  acid  and 
gives  the  average  farmer  the  impression  that  he  is  getting 
much  more  phosphorus  than  he  is.  The  practice  is 
objectionable  on  every  ground  from  the  farmer's  stand- 
point, and  should  be  entirely  abandoned  by  all  manu- 
facturers, as  it  has  been  already  by  the  more  progressive. 

Terms  used  in  stating  guarantee  of  potash. — It  would 
be  simpler,  and  more  consistently  accurate  if  we  were  to 
abandon  the  term  potash  and  use  simply  potassium  in 
place  of  it  (p.  50),  and  this  will  probably  come  in  time. 
The  compound  designated  as  potash,  potassium  oxide 
(K2O),  is  never  found  in  fertilizers  and  is  merely  an  arbi- 
trary method  of  expressing  results  of  chemical  analysis. 
Fertilizers  contain  potassium  mainly  in  the  form  of 
chloride  (muriate)  and  sulphate.  The  expressions  used 
in  connection  with  statements  of  guarantee-analysis  of 
commercial  fertilizers  are  the  following:  (i)  Potash, 
potash  actual,  potassium  oxide,  (2)  potash  soluble  or 
water-soluble  potash,  (3)  potash  S.  or  Sul.  or  sulphate, 
and  sulphate  of  potash,  (4)  potash  equal  (or  equivalent) 
to  sulphate  of  potash. 

(i)  Potash,  actual  potash  and  potassium  oxide  (K2O) 
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are  terms  which  mean  that  if  the  potassium  present  la 
the  form  of  a  chloride,  sulphate,  etc.,  were  in  the  form  of 
potash  or  potassium  oxide,  there  would  be  the  percentage 
given.  State  laws  usually  require  the  guarantee  to  be 
stated  in  this  form. 


V- 
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POTASH 


THE  BAG  AND  THE  PLANT-FOOD  IN   IT 

(2)  Soluble  or  water-soluble  potash  represents  the  amount 
of  potassium  compourfds  dissolving  in  water.  The  com- 
pounds most  extensively  used  in  fertilizers  dissolve 
readily  in  water.  The  potassium  compounds  in  tobacco 
are  not  completely  soluble.  Usually,  manufacturers  of 
fertilizers  are  required  by  law  to  guarantee  the  amount 
of  water-soluble  potash.  If  this  requirement  were  not 
made,  it  would  be  possible  to  use  ground  minerals  con- 
taining potassium  compounds  (p.  286)  that  are  unavail- 
able and  therefore  worthless  as  fertilizing  material. 
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(3)  Sulphate  of  potash,  potash  S.  or  Sul,  are  terms  that 
mean  potassium  sulphate  and  not  potassium  oxide.  This 
form  of  expression  is  not  permitted  by  most  state  laws 
unless  the  amount  of  actual  potash  is  given  at  the  same 
time.  Formerly,  it  was  the  custom  to  use  this  form  of 
stating  a  potassium  guarantee,  because  the  percentage 
appears  to  be  larger.  This  can  be  readily  understood 
when  we  know  that  one  pound  of  potassium  oxide  or 
potash  contains  the  same  amount  of  potassium  that  is 
found  in  1.85  pounds  of  sulphate.  For  example,  10  per 
cent,  of  potash  represents  the  same  amount  of  potassium 
that  18.5  per  cent,  of  sulphate  does. 

(4)  Potash  equal  or  (equivalent)  to  sulphate  of  potash  is 
an  expression  that  means  or  should  mean  simply  potas- 
sium sulphate.  When  potassium  is  present  as  chloride, 
even  in  part,  the  above  expression  should  never  be  used. 

Suggestions  to  farmers  regarding  use  of  guaranteed 
statements  of  analysis. — Whenever  a  farmer  purchases 
either  a  mixed  fertilizer  or  separate  fertilizing  materials,  he 
should  purchase  only  under  a  guarantee  of  specified  per* 
centage  of  each  plant-food  constituent.  Moreover,  he 
should  insist  that  the  guarantee  be  in  the  following 
terms : 

(i)  Nitrogen,  and  this  alone,  should  be  given  for  all 
forms  of  nitrogen.  An  added  statement  as  to  whether 
the  nitrogen  is  in  the  form  of  nitrate,  ammonia,  cyanamid, 
dried  blood,  cottonseed-meal,  ground  leather,  etc.,  is 
necessary  for  full  information. 

(2)  Available  phosphoric  acid  (or  phosphorus),  or  pref- 
erably, water-soluble  and  reverted  separately,  should  be 
given  for  superphosphate  materials,  while  for  bone,  un- 
treated rock-phosphate,  etc.,  only  total  phosphoric  acid  (or 
phosphorus)  is  really  necessary. 

(3)  Potash  or  potassium  oxide  (or  potassium)  should 
always  be  given,  though  it  is  desirable  to  know,  in  addition, 
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whether  the  potassium  is  present  as  sulphate  free  from  chlo- 
ride or  as  chloride  only. 

(4)  When  two  i>ercentagcs  arc  given  for  each  constitU' 
ent,  as,  for  example,  10  to  12  per  cent,  of  potash,  take  only 
the  lower  figure  into  consideration,  because  manufacturers 
are  held  only  to  that  and  not  to  the  higher.  It  tuould  be  well 
for  farmers  to  purchase  only  fertilisers  that  have  the  one^ 
figure  guarantee, 

(5)  In  examining  the  guaranteed  analysis  of  a  fertiliser, 
give  attention  primarily  to  the  nitrogen,  available  phosphoric 
acid  (or  phosphorus)  and  potash  (or  potassium)  and  require 
the  guarantee  to  be  in  these  terms  before  purchasing. 

An  ideal  form  of  guarantee-analysis. — For  full  informa- 
tion, a  guarantee-analysis  should  state  the  specific  char- 
acter or  source  of  each  constituent.  In  time  such  in- 
formation will  be  required  by  law.  As  examples  of  what 
we  may  regard  as  a  really  informing  guarantee-analysis, 
the  following  statements  of  analysis- are  given: 

Desirable  Forms  of  Guarantee  Statement  of  Analysis 

(1)  Constituents  are  in  desirable  forms — 

Nitroc«B.  total 4perceift 

Nitrogen  in  fonn  of  nitrate 2  per  cent. 

••  •       ammonia l 

a       .     ••    dried  blood 1       ?! 

AvalUUtt  plMraliorie  mM 8  per  cent 

Available  phosphoric  acid,  soluble. . .     5  per  cent. 

••                ^            ••      reverted..     3       " 
Innluble  phosphoric  acid 2       " 

yilMti 6percMil 

(Potash  present  in  form  of  sulphate) 

(2)  In  tLe  following  mixture  the  constituents  are  not 
the  best  plant-food  materials  in  every  case. 

Kttrocm  total 4| 

Nitrogen  in  form  of  grotrnd  leather. .     3  per  cent. 
•V        r       ••  muck. . .     i       - 
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AvttiUUtt  plMMphoiic  acid 3  p«r 

Aviulablo  phosphoric  add,  soluble  . .     1  per  cent. 

^*            "      reverted..     2       •* 
Insoluble  phosphoric  add 7       " 

Fotatb 6  per 

(Potash  present  in  form  of  chloride) 

These  two  analyses  show  the  same  amounts  of  nitro- 
gen, total  phosphoric  acid  and  potash,  but  the  agricultural 
value  of  the  first  is  much  greater  than  that  of  the  second  and 
this  difference  of  value  would  not  be  shown  in  the  case 
of  nitrogen  if  only  total  nitrogen  were  stated  and  not  the 
forms  in  which  it  is  present. 

How  to  find  equivalent  values  of  a  plant-food  constitu- 
ent in  different  compounds. — When  a  guarantee-state- 
ment of  analysis  is  given  only  in  the  form  of  ammonia,  it 
will  always  be  desirable  to  know  just  how  much  nitrogen 
that  amount  of  ammonia  is  equal  to;  similarly,  when  only 
bone  phosphate  of  lime  (Ca3(P04)2)  is  guaranteed,  it  is 
important  to  know  how  much  phosphorus  (P)  or  phos- 
phoric acid  (P2O5)  it  is  equal  to;  and  when  potassium 
sulphate  (K2SO4)  only  is  guaranteed,  we  want  to  know 
how  much  potassium  (K)  or  potash  (K2O),  it  is  equal  to. 
The  data  contained  in  Table  45  on  the  page  following 
enable  one  easily  and  quickly  to  make  the  arithmetical 
calculation  necessary : 

To  illustrate  the  use  of  the  table,  suppose,  for  example, 
we  wish  to  change  10  pounds  of  ammonia  into  an  equiva- 
lent amount  of  nitrogen ;  we  multiply  the  amount  of  am- 
monia (10  pounds)  by  number  found  in  last  column 
opposite  (i)  in  first  column,  which  is  0.82,  and  the  result 
is  8.2  pounds  of  nitrogen. 

Or,  suppose  we  wish  to  know  how  much  phosphorus 
(P)  there  is  in  10  pounds  of  phosphoric  acid  (P2O5)  ;  we 
multiply  10  by  factor  (16),  which  is  044,  and  the  resuH  is 
4.4  pounds. 
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Table  45 — Factors  for  Showing  Equivalent  Amounts 
OF  Each  Plant-Food  Constituent  in  Different 
Forms. 


To  change 

[1)  Ammonia 
(2) 
3) 

(4)  Nitrogen 
(5) 
(6) 

(7)  Sodium  nitrate 

(8)  •• 

(9)  •• 

[10)  Ammonium  sulphate 

11)  "  ^' 

12) 

fl3)  Potassium  nitrate 

[14)  Ammoniimi  nitrate 

15)  Calcium  cyanamid 

(I6)  Phosphoric  acid 

17) 

18)  "Bone  phosphate'* 

19)  " 

(20)  Phoephonis 
21)  ^ 

(22)  Potaah 
(23) 
24) 

(25)  Potassium 
26) 
(27) 
,28)  Potassium  chloride 

(muriate) 

'30)  Potassium  sulphate 

31) 

'32)  Potassium  carbonate 


into  an  equivalent 


M  •« 

•  f  f« 
••  •< 
f*  •* 

•  •  •• 
M  !• 
•«  •< 
*<  •« 
41  (f 

•<  •• 

•1  «< 

■  <  «4 

•  I  •( 

•  i  14 

•  I  «« 
««  14 

•  •  •• 

•  4  11 
•1  •! 

•  1  11 

•  1  •! 
•<  M 

•  1  tt 

•  •  11 

•  t  •• 


•  t 
•  1 
11 
11 
It 
It 
II 


11 
11 


•  1 


•  1 

•  I 


•  1 


•  1  11 
11  •! 

•  1  •• 


Multiply  by 

amount  of  nitrogen,  0.82 

-        "  soditmi  nitrate,  5.0 

ammonium  sulphate,  3.9 

ammonia,  1.2 

sodium  nitrate,  6.0 

ammonium  rulphate,  4.8 

ammonia,  0.2 

nitrogen,  0.165 

ammonium  sulphate,  1.55 

ammonia,  0.26 

nitrogen,  0.21 

sodium  nitrate,  0.64 

nitrogen,  0.14 

nitrogen,  0.35 

nitrogen,  0.35 

phosphorus  0.44 

bone  phosphate,'*  2.2 

phosphorus,  0.2 

phosphoric  acid,  0.46 

phosphoric  acid,  2.3 

bone  phosphate,  5.0 

potassium,  0.83 

potassium  chloride,  1.6 

potassium  sulphate  1.85 

potash.  1.2 

potassium  chloride,  1.9 

potassitmi  sulphate,  2.2 


potassium,  0.53 

potash,  0.63 

potassium,  0.45 

potash,  0.54 

potash,  0.68 


11 

•• 

•1 

11 

11 

•1 

•1 

•1 

11 

11 

1< 

•1 

11 

11 

•1 

14 

11 

11 

11 

•  4 

11 

41 

11 

44 

•1 

•1 

11 

41 

11 

41 

•1 

41 

11 

11 

11 

•  1 

11 

44 

•1 

44 

M 

•  4 

14 

11 

•  1 

11 

M 

li 

M 

•  1 

11 


HIGH-GRADE  AND  LOW-GRADE  FERTILIZERS 


Commercial  fertilizers  vary  greatly  in  respect  to  the 
percentages  of  nitrogen,  phosphorus  and  potassium  they 
contain.  Those  containing  large  amounts  of  these  con- 
stituents are  known  as  high-grade,  while  those  contain- 
ing small  amounts  are  called  lozv-grade,  and  between 
these  are  all  possible  gradations  of  composition.  These 
terms  are  sometimes  used  also  to  indicate  the  availability 
of  plant-food  as,  for  example,  sodium  nitrate  would  be 
classed  as  a  high-grade,  and  muck  as  a  low-grade,  ferti- 
lizer. As  a  rule,  those  plant-food  materials  that  are  most 
available  also  contain  the  largest  amounts  of  plant-food. 
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as  sodium  nitrate,  ammonium  sulphate,  etc.;  while,  on 
the  other  hand,  those  materials  containing  the  least  avail- 
able forms  of  plant-food  also  contain  it  in  small  amounts, 
as  muck,  garbage-tankage,  etc. 

Cost  of  plant-food  highest  in  low-grade  fertilizers. — 
The  writer  made  a  careful  study  of  the  fertilizers  sold  in 
New  York  State  during  one  year  in  order  to  ascertain 
the  cost  of  plant-food  in  fertilizers  containing  different 
percentages.  It  was  found  that,  of  the  brands  of  com- 
plete fertilizers  sold,  about  60  per  cent,  was  of  medium  or 
low-grade.  Since  those  grades  are  sold  in  much  larger 
amounts,  it  is  probably  not  far  from  the  truth  to  say  that 
of  the  total  amount  of  goods  sold  fully  75  per  cent,  was 
of  the  lower  grades,  and  probably  not  over  10  per  cent, 
of  strictly  high  grade. 

Dividing  fertilizers  into  four  grades,  the  composition 
of  each  was  shown  to  be  as  follows : 


Table  46 — Composition  of  Different  Grades  of 

Fertilizers 


In  100  pounds  of  fertilizer 

Class  of  fertilizers 

Pounds  of 
nitrogen 

Pounds  of 
available  phos- 
phoric acid 

Pounds  of 
potash 

Pounds  of  total 
plant  food 

Low-grade 

Medium-gprade  .... 
Medium  high-grade 
High-grade 

1.22 
1.70 
2.47 
4.00 

8.18  (3.6P) 
9.10  (4.0P) 
8.82  (3.9P) 
8.36  (3.7P) 

2.60  (2.2K) 
3.48  <2.9K) 
6.02  (5.0K) 
7.22  (6.0K) 

12.00 
14.28 
17.37 
19.60 

P,  phosphorus.     K,  potassium. 

While  the  percentage  of  available  phosphoric  acid  does 
not  vafy  greatly,  the  percentages  of  nitrogen  and  potash 
increase  rapidly  with  each  better  grade  and  this  is  shown 
in  the  last  column. 

Taking  up  now  the  difference  in  cost  of  plant-food  in 
high-grade  and  low-grade  fertilizers,  this  can  best  be 
brought  out  by  showing  the  cost  of  one  pound  of  plant- 
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food  as  purchased  by  the  consumer.  The  following  table 
shows  the  average  actual  cost  to  purchasers  of  one  pound 
of  nitrogen,  of  available  phosphoric  acid,  and  of  potash : 

Table  47 — ^Average  Cost  of  One  Pound  of  Plant-Food 

TO  Consumers 

Available  . 

Nitrogen.     Phosphoric  aoid.  Potash. 

Cents  Cents  Cents 

Low-grade  complete  fertilixers 26.3  8.0  (ISP)  6.8  (8.2K) 

Medium-grade                "         23  J  7.0  (16P)  6.0  (7.2K) 

Medium  high-grade        **         21.0  6.4  (15P)  5.4-(6.5K) 

High-grade                       '*         19.6  6.0  (UP)  5.0  (6.0E:) 

P,  phosphorus  cost.    K,  potassium  cost. 

These  figures  show  that  the  cost  of  one  pound  of  plant- 
food  of  whatever  kind  is  highest  in  the  lowest-grade  fer- 
tilizers and  least  in  the  highest  grade. 

The  obvious  conclusion  is  that  the  plant-food  in  the 
highest-grade  fertilizers  is  cheapest  to  the  purchaser.  One 
ton  of  the  low-grade  fertilizer  retailed  at  an  average  of 
$23,  while  one  ton  of  the  high-grade  mixture  sold  at 
$32.80,  but  was  a  much  more  economical  purchase  at  that 
price  than  was  the  low-grade  material  $io  lower.  An- 
other fact  to  be  kept  in  mind  is  that  in  high-grade  ferti- 
lizers the  plant-food  is  apt  to  be  in  more  available  forms. 

BRAND  NAMES  OF  FERTILIZERS 

Commercial  fertilizers  are  commonly  sold  under  spe- 
cial names  or  brands.  Some  names  indicate  that  the 
fertilizer  is  intended  for  some  special  crop,  such,  for 
example,  as  "Complete  manure  for  potatoes  and  vege- 
tables," "Canner's  special  pea  and  bean  fertilizer,"*  "Hop 
and  tobacco  fertilizer,"  "Universal  grain  grower,"  "Grass 
and  lawn  top  dressing,"  etc.,  etc. ;  others  are  simply  fanci' 
ful  names  without  any  special  significance  and  designed 
only  to  catch  the  imagination  of  buyers,  as,  for  example, 

New  method  fertilizer,"  "Farmer's  reliable,"  "Harvest 
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favorite,"  "New  rival,"  "Challenge  crop  grower,"  "Climax 
phosphate,"  ^'Farmer's  friend,"  "Electric  phosphate,"  "Ex- 
celsior guano,"  "Golden  harvest,"  "Hustler,"  "Reliance," 
etc.,  etc.  Some  years  ago,  manufacturers  of  fertilizers 
offered  for  sale  in  New  York  State  nearly  2,300  brands, 
but  as  soon  as  it  was  required  by  law  to  pay  a  license 
fee  on  each  brand,  the  number  at  once  dropped  below  500. 

Misleading  names. — We  have  already  (p.  274)  called 
attention  to  the  misuse  of  names  in  connection  with 
acid  phosphate,  which  is  frequently  sold  under  some 
brand  stating  or  implying  that  it  is  dissolved  bone.  To 
illustrate  farther,  a  so-called  "natural  fertilizer"  now  on 
the  'market  contains,  all  told,  about  0.75  per  cent,  of 
plant-food  and  none  in  easily  available  form;  another, 
"Special  for  Lawns  and  Fruits,"  contains  0.52  per  cent, 
as  its  total.  Different  brands  of  "Humus"  fertilizers 
have  appeared  which  are  usually  comparatively  worth- 
less. At  one  time  ground  phosphate  rock  ("floats")  was 
sold  extensively  at  $20  to  $28  a  ton  under  the  name  of 
"Natural  Plant-Food."  "Lava"  fertilizers  have  also  been 
exploited  as  highly  valuable  plant-foods;  road  dust  is 
richer  in  plant-food  and  more  economical  in  cost. 

Misuse  of  names  for  special-crop  fertilizers. — It  has 
been  stated  above  that  in  many  cases  the  name  of  the  fer- 
tilizer indicates  that  it  is  especially  adapted  for  a  particular 
crop.  Taking  a  single  state,  which  fairly  represents  condi- 
tions prevailing  everywhere  in  the  fertilizer  trade,  there  were 
sold  to  farmers  during  one  season  between  40  and  50  brands 
that  were,  according  to  name,  designed  for  the  exact  needs 
of  potato  crops.  The  composition  was  not  alike  in  any  two 
of  these ;  the  nitrogen  varied  from  0.8  to  4.94  per  cent.,  the 
phosphoric  acid  from  4  to  10  per  cent.,  and  the  potash  from 
2  to  10  per  cent.  The  same  chaotic  condition  prevails  with 
reference  to  all  the  other  special-crop  fertilizers.  The  ques- 
tion can  properly  be  asked :  To  what  extent  does  a  manufac- 
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turer  of  fertilizers  really  meet  all  possible  conditions  found 
where  his  goods  are  sold  ? 

Proper  method  of  using  brand-names. — Several  manu- 
facturers have  adopted  the  custom  of  using  for  a  brand- 
name  a  combination  of  figures  representing  the  composition, 
as,  for  example:  **Five-Eight-Eight,"  ** Four-Eight-Seven," 
"9-8-4,"  "2-9-5,"  etc.  The  first  number  stands  for 
nitrogen,  the  second  for  available  phosphoric  acid  and  the 
third  for  potash.  This  is  a  safe,  sensible  and  honest  method ; 
it  states  practically  all  that  can  be  fully  justified,  so  far  as 
proportions  of  plant-food  are  concerned.  The  emphasis  is 
placed  on  the  composition,  as  it  should  be,  and  not  on  a  name 
which  usually  means  little  or  nothing. 

MEANING  AND  USE  OF  COMMERCIAL 
VALUATION  OF  FERTILIZERS 

The  commercial  valuation  of  a  fertilizer  or  of  any  fertiliz- 
ing material  consists  in  estimating  the  approximate  value 
or  money-cost  of  the  chief  plant-food  constituents  (nitrogen, 
phosphorus  and  potassium)  in  one  ton. 

Retail  cost  and  commercial  valuation. — ^The  chief  fac- 
tors that  enter  into  the  retail  cost  of  fertilizers,  or  the  price 
that  the  farmer  pays,  are  the  following :  ( i )  Retail  cash  cost 
of  unmixed  materials  (sodium  nitrate,  dried  blood,  acid 
phosphate,  potassium  chloride,  sulphate,  etc.) ;  (2)  cost  of 
manufacture  (mixing  and  bagging);  (3)  freight;  (4)  stor- 
age, commissions  to  agents  and  dealers,  selling  on  long  credit, 
losses  by  bad  debts,  etc.  While  these  different  factors  enter 
into  the  total  or  retail  cost,  a  commercial  valuation  includes 
only  the  first  factor,  viz.,  the  retail  cash  cost  of  unmixed 
materials  in  the  market,  A  commercial  valuation,  therefore, 
usually  gives  a  figure  considerably  lower  than  the  selling 
price  of  a  fertilizer. 

How  a  commercial  valuation  is  made. — The  percent- 
age or  number  of  pounds  of  each  plant-food  constituent  in 
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100  pounds  of  fertilizer  is  multiplied  by  the  number  repre- 
senting the  price  of  one  pound  of  each,  and  the  results,  added 
together,  give  the  valuation  for  loo  pounds;  this  sum  multi- 
plied by  20  gives  the  valuation  for  one  ton.  For  example,  a 
fertilizer  contains: 

Per  cent, 
or  pounds 
per  100  Centi 

2.5  of  nitrogen  at  15  cents  a  pound 37.5 

5.0  of  available  phosphoric  acid  at  4  cents  a  pound 20.0 

5.0  of  potash  at  5  cents  a  pound 25.0 

Cost  of  constituents  in  100  pounds 82.5 

Total  cost  of  constituents,  or  commercial  valuation  >-  82.5  cents  X 
20  «-  $16.50 

Two  questions  at  once  suggest  themselves:  (i)  How  do 
we  find  the  number  of  pounds  of  each  constituent  contained 
in  100  pounds  of  fertilizer?  (2)  How  do  we  ascertain 
the  price  of  a  pound  of  nitrogen  or  of  phosphoric  acid,  or 
of  potash?  \ye  will  now  give  the  answers  to  these  questions. 

(i)  Finding  number  of  pounds  of  a  plant-food  constitu- 
ent in  100  pounds. — For  this  purpose  one  must  have  the 
statement  of  analysis,  either  the  figures  given  in  the  guar- 
antee-analysis, or,  preferably,  the  figures  give  in  an  official 
state  analysis.  The  figure  giving  the  per  cent,  is,  of  course, 
the  number  of  pounds  per  100. 

(2)  Price  of  each  constituent. — This  is  obtained  by  con- 
sulting a  price  list,  which  is  issued  annually  in  most  states 
by  the  experiment  station  or  some  state  department ;  this  list 
is  commonly  known  as  a  "schedule  of  trade-values  adopted 
by  experiment  stations."  Below  we  give  such  a  schedule 
adopted  by  the  experiment  stations  of  the  Eastern  and 
Middle  states  for  the  year  1911.  The  prices  in  this  schedule 
represent  the  average  prices  at  which,  in  the  six  months  pre- 
ceding March,  the  respective  ingredients,  in  the  form  of 
unmixed  rnaterials,  could  be  bought  at  retail  for  cash  in 
Boston,  New  York,  Philadelphia,  etc.  The  figures  usually 
represent  wholesale  prices  plus  about  20  per  cent.,  except 
for  available  phosphoric  acid.  These  prices  represent 
approximately  what  the  farmer  would  have  to  pay  for  the 
plant-food  constituents  if  he  were  to  buy  them  in  unmixed 
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forms  m  Boston,  or  New  York,  or  some  other  trade  center. 
It  must,  of  course,  be  kept  in  mind  that  these  trade  values 
are  changing  from  time  to  time,  especially  for  nitrogen ;  and, 
in  making  commercial  valuations,  one  should  obtain  the  lat- 
est schedules  from  the  local  experiment  Nation. 

Table  48 — Schedule  of  Trade- Values  for  Plant-Food 

Constituents  for  191  i 

Cents  per  poand 

Nttfogieii  in  ammonia  salts 16 

"  nitrates 16 

Orauilc  nitrogen  in  dry,  fine-ground  fish  and  blood 23 

^  **         "  cottonseed-meal  and  castor-pomace 21 

**  M        t«  fine-ground*  bone  and  tankage  and  mixed  fertilizeiB  20 

**  **        "  coarset  bone  and  tankage IS 

Pliosphofic  acid,  soluble  in  water 4^ 

'•  ••  "       "  ammonium  citrate  (reverted) 4 

**  **     in  fine-ground  fish,  bone  and  tankage 4 

••  "      "  cottonseed-meal  and  castor-pomace 4 

**  "      **  coarse  bone  and  tankage 3( 

••  ••      **  mixed  fertilizers,  insoluble  in  water  or  ammonium 

citrate ^ 2 

Potash  In  high-grade  sulphate,  free  from  chloride  (muriate)  and  in  ashes    5 

••      "  chloride  (muriate) 4J 

**      "  oottoQseed-meal  and  castor-pomace 5 

*Flnen«M  of  putlclet  leu  than  one-llftleth  inch  in  dlsmeter. 
fEliMneM  of  pwticlcfl  gnmtn  than  one-llftleth  inch  in  disnictcr. 

Rule  for  making  valuation  of  fertilizers.  Multiply  the 
given  per  cent,  of  each  constituent  (nitrogen,  phosphoric 
acid  and  potash)  by  the  corresponding  schedule  price,  add 
the  results  and  multiply  the  sum  by  20. 

Example:  What  is  the  commercial  valuation  of  one  ton 
of  a  commercial  fertilizer,  having  the  guaranteed  analysis 
indicated  below? 

n^  «^«.  «-      Trade-schedule    Valuation  for 

rv«,^.^t  um  Pri«-  100  oounda. 

pounds  per  100     ^^^  p^  j,,  ^^ 

Nitrogen 2  X  20  «  40 

Available  phosphoric  acid 8  X  4  -  32 

Potash 3  X  5  -  15 

Total  valuation  for  100  pounds 87 

Total  valuation  for  one  ton  or  2000  pounds  »  87  cents  X  20  »  $17.40 

Simple  rule  for  making  approximate  valuation: 

(i)  Multiply    the  figure  representing  the    per  cent,  of 

nitrogen  by  4 ; 

(2)  Multiply  the   figure   representing  the  per  cent  o£ 

available  phosphoric  acid  by  0.8 ; 
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(3)  Multiply  the  figure  representing  the  per  cent,  of  pot- 
ash by  i.o; 

(4)  Add  the  three  results. 

This  rule  assumes  the  nitrogen  to  be  organic  and  the  pot- 
ash to  be  sulphate.  If  a  considerable  portion  of  the  nitro- 
gen is  present  in  the  fertilizer  as  nitrate  or  ammonium  sul- 
phate, and  potash  is  in  the  form  of  chloride,  the  results  by 
this  rule  are  somewhat  high.  Correct  results  can  be  obtained 
for  these  materials  by  using  the  factors  in  the  table  given 
below  to  multiply  the  percentages  by. 

Using  the  same  figures  of  analysis  given  in  the  example 
above,  the  operation  of  the  rule  is  indicated  as  follows : 

Percent. 

Nitrosen 2    X       4    «    8.0 

Available  phosphoric  add...     8    X    0.8     ■■    6.4 
Potash 3    X     1.0    «    3.0 

(4)    Sum,  or  commercial  valuation $17.40 

While,  at  present  schedule  prices,  the  foregoing  method 
gives  good  results,  it  would  be  less  accurate  if  the  schedule 
prices  change.  The  method  can  be  made  more  accurate  for 
a  large  range  of  prices  by  making  use  of  the  following  table : 

Table  49 — Factors  to  Use  in  Making  Valuations  for 

Varying  Schedule  Prices 


Price  per 
pound  <^ 

Factor  by 
which  to 

Price  per 
potmd  of 

Factor  by 
which  to 

Price  per 
pouna  of 

Factor  by 
which  to 

plant-food 

multiply 

plant-food 

multiply 

plant-food 

multiply 

constituent 

percentage 

constituent 

percentage 

constituent 

percentafse 

CenU 

Cents 

CenU 

2 

0.4 

6 

1.2 

15 

3.0 

2i 

0.5 

61 

1.3 

16 

3.2 

3 

0.6 

7 

1.4 

17 

3.4 

H 

0.7 

7* 

1.5 

18 

3.6 

4 

0.8 

8 

1.6 

19 

3.8 

44 

0.85 

9 

1.8 

20 

4.0 

4X 

0.9 

10 

2.0 

21 

4.2 

4|. 

0.95 

11 

2.2 

22 

4.4 

5 

1.00 

12 

2.4 

23 

4.6  . 

n 

1.05 

13 

2.6 

24 

4.8 

1.10 

14 

2.8 

25 

5.0 

The  data  in  this  table  are  used  in  the  following  manner : 
Consult  the  schedule  of  prices ;  then  turn  to  the  above  table 
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select  the  factor  opposite  the  given  price,  and  multiply  this 
by  the  number  giving  the  percentage  of  the  constituent  in 
the  fertilizer.  For  example,  when  nitrogen  in  nitrate  sells 
for  i6  cents  a  pound,  multiply  the  percentage  of  nitrogen  by 
3.2,  which  gives  the  commercial  valuation  of  the  nitrogen 
in  one  ton  of  the  fertilizer.  When  nitrogen  in  any  form 
costs  20  cents  a  pound,  multiply  the  percentage  by  4;  the 
percentage  of  any  constituent  costing  10  cents  a  pound  would 
be  multiplied  by  2 ;  5  cents  a  pound,  by  I ;  4  cents  a  pound, 
by  0.8,  etc. 

Valuations  based  on  guarantees  made  in  other  than 
usual  terms. — In  considering  methods  of  making  valua- 
tions, we  have  assumed  that  guarantees  are  given  in  terms 
of  nitrogen,  phosphoric  acid  and  potash.  If,  however,  other 
terms  are  used,  such  as  ammonia,  bone  phosphate  of  lime, 
sulphate  of  potash,  etc.,  then  it  will  be  necessary  to  calculate 
the  figures  given  in  the  guarantee  into  equivalent  amounts  of 
nitrogen,  phosphoric  acid  or  potash  before  going  on  with 
making  the  valuation.  The  method  of  calculating  equivalent 
amounts  is  given  in  Table  45  (p.  460).  The  same  table  can 
be  used  for  calculating  the  amounts  of  phosphorus  equiva- 
lent to  phosphoric  acid,  potash  to  potassium,  etc. 

Commercial  value  in  relation  to  agricultural  value  of 
fertilizers. — The  agricultural  value  of  a  fertilizer  is 
measured  by  its  crop-producing  power  from  the  standpoint 
of  the  farmer.  The  commercial  value  does  not  necessarily 
have  any  relation  to  crop-producing  power.  This  is  well 
illustrated  in  the  case  of  nitrogen  in  dried  blood,  ground 
fish-scrap  and  sodium  nitrate.  According  to  commercial 
value  at  the  present  writing,  a  pound  of  nitrogen  in  fish- 
scrap  costs  30  cents,  in  dried  blood,  23  cents,  and  in  nitrate, 
only  16  cents,  whereas,  in  most  cases,  the  nitrate  nitrogen  is 
of  superior  agricultural  value.  Again,  a  fertilizer  containing 
large  amounts  of  available  phosphorus  and  a  small  amount  of 
nitrogen,  has  a  smaller  money  value  than  a  fertilizer  rich  in 
nitrogen,  and  yet  the  phosphorus  and  not  the  nitrogen  might 
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be  the  constituent  that  would  be  most  profitable  for  a  given 
farmer  to  purchase. 

Use  of  commercial  valuations. — When  used  with  a 
proper  imderstanding  of  its  limitations,  a  commercial  valua- 
tion is  helpful  as  a  means  of  comparing  different  fertilizers. 
It  enables  one  to  make  a  comparison  on  tlie  basis  of  the 
selling  price  of  a  fertilizer  and  the  commercial  value  of  its 
unmixed  constituents.  This  can  be  well  illustrated  in  the 
four  grades  of  fertilizers,  the  composition  of  which  is  given 
on  page  461.  Compared  on  the  basis  of  selling  price  and  val- 
uation, these  give  the  following  results : 

Comparison  of  Selling  Price  and  Commercial 

Valuation 

Difference  between 
Selling  price   Commercial     selling  price 
Qass  of  fertilizer  i)er  ton  valuation     and  valuation 

Low-grade $23.00  $14.58  $8.42 

Medium-grade 7  24.85  18.12  6.73 

Medium  high-grade 28.30  23.24  5.06 

High-grade 32.80  30.02  2.78 

In  the  low-grade  fertilizer,  the  selling  price  is  nearly  $8.50 
above  the  cost  of  the  ingredients;  the  difference  decreases 
as  the  fertilizer  grows  richer  in  plant-food  constituents,  until 
in  the  high-grade  fertilizer,  the  selling  price  is  only  $2.78 
above  the  cost  of  the  constituents ;  expressed  another  way,  the 
purchaser  is  getting  a  great  deal  more  plant-food  for  his 
money  in  the  high-grade  fertilizer,  each  pound  of  plant-food 
costing  less.  Generally  speaking,  those  fertilisers  are  cheap- 
est in  which  there  is  least  difference  between  selling  price 
and  commercial  valuation. 

While  the  comparative  values  are  wholly  commercial, 
they  furnish  valuable  information,  which  is  in  most  cases  a 
safe  guide.  To  be  of  greatest  use,  commercial  valuations 
must  be  used  and  interpreted  in  connection  with  the  compo- 
sition, as  given  by  the  analysis.  A  choice  between  different 
fertilizers  must  not  rest  wholly  on  a  comparison  of  valuation 
and  selling  price,  but  the  composition  of  the  fertilizer  in 
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relation  to  the  farmers'  needs  must  be  considered.  For 
example,  a  fertilizer  with  a  high  percentage  of  nitrogen  and 
low  percentage  of  phosphoric  acid  would  show  a  higher 
valuation  than  one  low  in  nitrogen  and  high  in  phosphoric 
acid,  and  yet  the  phosphoric  acid  might  be  just  the  plant- 
food  that  would  give  best  yields  on  a  given  field  and  crop. 

One  disadvantage  connected  with  the  use  of  commercial 
valuations  is  the  fact  that  ordinary  chemical  analysis  does 
not  show  the  forms  or  sources  of  the  materials;  this  really 
applies  only  to  nitrogen  and  more  particularly  to  the  organic 
forms  of  nitrogen.  Thus,  when  an  analysis  gives  no  infor- 
mation as  to  whether  the  nitrogen  is  from  dried  blood  or 
ground  leather  or  muck,  a  commercial  valuation  may  be  mis- 
leading to  this  extent.  But  in  actual  use  it  has  been  found 
that  in  a  large  majority  of  cases  a  commercial  valuation  is  a 
safe  guide  in  respect  to  the  agricultural  value  when  applied 
to  different  brands  having  the  same  general  composition. 

It  is  worth  while  for  farmers  To  learn  how  to  make  com- 
mercial valuations  and  apply  them  before  purchasing  fer- 
tilizers ;  it  will  have  a  broadening  and  educating  effect  and 
will  increase  one's  interest  in,  and  intelligent  appreciation  of, 
the  resemblances  and  differences  existing  between  commer- 
cial fertilizers. 

FERTILIZER  LAWS 

m 

Those  states  in  which  commercial  fertilizers  are  used  in 
appreciable  amounts  have  passed  laws  regulating  their  sale. 
This  has  been  necessary  as  a  matter  of  protection. to  farm- 
ers, for  there  are  few  commodities  which  offer  so  tempting  a 
field  for  fraud ;  and  it  was  the  discovery  of  numerous  cases 
of  gross  imposition  that  led  to  the  passage  of  laws.  While 
these  laws  vary  somewhat  in  details,  they  are  alike  in  essen- 
tials. At  one  time  fertilizers  were  sold  without  any  state- 
ment regarding  their  composition  and  a  farmer  was  wholly 
unable  by  himself  to  know  whether  he  was  getting  plant- 
food  or  useless  dirt,  and  it  was  too  costly  to  pay  for  a 
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chemical  analysis.  In  this  connection  we  will  briefly  notice : 
(i)  The  main  provisions  of  fertilizer  laws,  (2)  advantages 
of  laws,  (3)  limitations  and  weaknesses. 

Provisions  of  fertilizer  laws. — The  chief  point  of  inter- 
est is  the  requirement  of  a  guaranteed  statement  of  analysis. 
Manufacturers  are  required  to  give  a  statement  of  chemical 
composition,  guaranteeing  the  percentage  of  nitrogen  (or 
ammonia),  available  phosphorus  or  phosphoric  acid  (total 
phosphorus  or  phosphoric  acid  in  bone,  tankage,  etc.),  and 
potassium  or  potash,  contained  in  each  braiid  offered  for 
sale.  This  statement  of  composition  is  usually  made  on  the 
bag  or  parcel  containing  the  fertilizer.  The  enforcement  of 
the  law  is  usually  in  the  hands  of  experiment  stations,  but 
in  some  states  it  is  managed  by  a  state  department  of  agri- 
culture which  is  imder  a  commissioner  or  a  board.  Samples 
of  the  fertilizers  sold  in  the  state  are  collected  annually, 
generally  from  goods  iji  the  hands  of  dealers  and  consumers. 
These  samples  are  analyzed  and  the  results  published  for 
free  distribution. 

Manufacturers  arc  required  to  pay  a  tax  which  may  be 
in  the  form  of  a  license-fee  for  each  brand  offered  for  sale 
or  in  the  form  of  a  tax  on  each  ton  sold.  The  proceeds  are 
used  to  pay  the  cost  of  carrying  out  the  provisions  of  the  law. 

In  some  cases  manufacturers  are  required  to  state  the 
source  and  character  of  the  materials  contained  in  each 
fertilizer,  a  most  desirable  provision,  while  in  others  a  state- 
ment is  required  if  any  inert  nitrogenous  matter  like  leather 
is  used. 

In  some  states  legal  prosecutions  are  instituted  in  those 
cases  where  any  constituent  is  below  the  guarantee  more 
than  a  certain  amount,  0.50  per  cent,  for  example.  In  most 
states,  reliance  for  the  protection  of  farmers  is  placed  upon 
the  effect  of  publicity  in  widely  distributing  the  results  of 
chemical  analysis  instead  of  upon  legal  prosecutions.  It  is 
the  result  of  the  writer's  extended  experience  and  observa- 
tion that  manufacturers  whose  goods  are  found  deficient  care 
very  little  for  legal  prosecution  in  comparison  with  the  wide 


472  FERTILIZERS  AND  CROPS 

publication  among  farmers  of  the  fact  of  such  deficiency. 
As  compared  with  the  results  of  publicity,  the  results  of 
prosecutions  are  insignificant,  not  to  mention  the  high  cost, 
long  delays,  useless  consumption  of  the  time  of  chemists 
and  others  and  the  inevitable  annoyance  and  general  waste 
of  energy  accompanying  lawsuits. 

Advantages  of  fertilizer  laws. — In  general,  fertilizer 
laws  afford  a  large  measure  of  protection  to  farmers,  as 
well  as  to  honest  manufacturers.  Fraudulent  fertilizers  are 
exposed  and  driven  from  the  market.  Careless  or  dishonest 
manufacturers  suffer  either  temporary  or  complete  loss  of 
business.  Larger  amounts  of  high-grade  plant-food  mate- 
rials are  now  used  than  formerly,  as  the  result  of  legal 
inspection.  There  is  greater  imiformity  in  the  composition 
of  each  brand  of  commercial  fertilizers,  owing  to  more 
effective  means  and  care  used  in  mixing.  The  number  of 
different  brands  of  fertilizers  offered  for  sale,  as  well  as 
the  number  of  manufacturers  in  proportion  to  business,  has 
been  diminished.  Of  especial  importance  has  been  the 
value  of  the  educational  effect  upon  the  many  farmers  who 
insist  on  seeing  and  studying  the  bulletins  giving  the  official 
analyses  of  fertilizers  before  they  make  a  purchase.  The 
chemical  analysis  of  a  fertilizer,  which  was  formerly  mean- 
ingless to  most  farmers,  is  now  appreciated  to  the  extent,  at 
least,  of  distinguishing  nitrogen,  available  phosphoric  acid 
or  phosphorus  and  potash  or  potassium.  The  interest  awak- 
ened by  consulting  bulletins  of  fertilizer  analysis  has  led 
many  farmers  to  study  the  different  forms  and  uses  of  plant- 
food  materials  and  this  has  served  as  an  introduction  leading 
to  a  desire  for  widened  information  relating  to  other  details 
of  crop-growing.  Thus,  the  fertilizer  bulletin  has  often 
proved  a  source  of  genuine,  intellectual  stimulation  and  this 
fact  should  not  be  underestimated. 

Limitations  of  fertilizer  laws. — The  beneficial  effects 
of  the  publication  of  fertilizer  analyses  can  be  of  no  direct 
value  to  farmers  who  fail  to  obtain  or  to  use  the  bulletins 
giving  the  information.     Legal  requirements  which  do  not 
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compel  manufacturers  to  state  the  kinds  and  amounts  of 
nitrogenous  materials  used,  or  chemical  analysis  which  does 
not  give  as  far  as  possible  the  different  forms  of  these  con- 
stituents, are  not  meeting  their  fullest  extent  of  usefulness, 

ADVANTAGES  AND  DISADVANTAGES  OF  COM- 
MERCIAL FERTILIZERS 

In  closing  our  discussion  of  this  important  subject,  we 
will  briefly  summarize  some  of  the  more  important  facts 
relating  to  the  advantages  and  disadvantages  that  come  from 
the  use  of  commercial  fertilizers. 

Advantages  of  using  commercial  fertilizers. — ^Among 
the  special  advantages  to  be  noticed  are:  (i)  Convenience, 
(2)  opportunity  for  choice,  (3)  uniformity,  (4)  complete- 
ness of  mechanical  mixture. 

( 1 )  Convenience. — Commercial  fertilizers  are  widely  dis- 
tributed, are  easily  obtained,  and  can  be  purchased  in  any 
desired  amoimt  and  at  any  convenient  time. 

(2)  Opportunity  for  choice. — Fertilizers  of  different 
brands  represent  a  great  variety  of  proportions  of  plant- food 
constituents,  among  which  one  can  generally  find  what  he 
needs  for  his  soil  and  crops,  provided  he  has  ascertained  by 
experience  what  combination  gives  him  best  crop  returns. 

(3)  Uniformity. — ^There  is  an  advantage  in  being  able  to 
obtain  the  same  mixture  from  year  to  year,  when  it  best 
suits  one's  needs,  and  to  feel  assured  of  having  the  same 
kinds  of  plant-food  materials  in  the  same  proportions.  Gen- 
erally speaking,  the  same  brand  of  fertilizer,  especially  in 
case  of  the  large  manufacturers,  has  been  found  running 
very  uniform  from  year  to  year.  In  some  cases,  manufac- 
turers change  the  percentage  of  composition  and  retain  the 
brand  name,  but,  when  this  is  done,  it  can  be  readily  ascer- 
tained by  comparing  the  fertilizer  bulletin  of  one  year  with 
that  of  another.  When,  however,  tlie  plant-food  material 
itself  is  changed,  that  is  not  usually  perceptible  to  the  farmer. 

(4)  Completeness  of  mechanical  mixture. — It  is  possible 
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for  manufacturers  to  prepare  fertilizers  so  that  they  are 
evenly  and  thoroughly  mixed,  finely  ground,  dry,  and  in  con- 
dition for  convenient  use.  There  are,  however,  some  small 
manufacturers  who  through  carelessness  or  inadequate 
machinery  fail  to  make  good  mechanical  mixtures,  so  that 
the  plant-food  constituents  are  not  uniformly  distributed, 
nor  the  materials  sufficiently  fine  and  dry.  Fertilizers  which 
are  sent  out  when  incompletely  dry  harden  in  the  package 
before  long  and  are  extremely  difficult  to  handle. 

Disadvantages  of  using  commercial  fertilizers. — ^There 
are  some  definite  disadvantages  that  accompany  the  exclu- 
sive use  of  commercial  fertilizers,  among  which  are  (i) 
lack  of  knowledge  of  materials,  (2)  lack  of  economy,  (3) 
lack  of  educational  incentive. 

(i)  Lack  of  knowledge  of  materials. — Farmers  are 
unable  without  help  to  know  whether  they  are  purchasing 
in  a  mixture  the  materials  that  are  claimed  to  be  present. 
So  far  as  the  guarantee-analysis  gives  information  regarding 
the  source  of  nitrogen,  the  farmer  is  purchasing  blindly 
in  most  cases. 

(2)  Lack  of  economy, — In  general,  the  most  expensive 
way  of  purchasing  plant-food  is  in  the  form  of  complete 
commercial  fertilizers.  Results  of  an  investigation  made 
by  the  writer  showed  that  when  nitrate  nitrogen  could  be 
purchased  by  farmers  at  14  cents  a  pound,  the  nitrogen  in 
mixed  fertilizers  was  costing  over  20  cents  a  pound  on  an 
average,  and,  in  the  grades  of  fertilizers  finding  most  exten- 
sive sale,  the  cost  varied  from  18  to  36  cents  and  similar 
disproportions  were  found  in  case  of  phosphorus  and  potas- 
sium. 

(3)  Lack  of  educational  incentive. — The  most  serious  dis- 
advantage in  the  use  of  commercial  fertilizers,  as  they  are 
actually  used  in  most  cases,  is  that  farmers  are  not  stimulated 
to  acquire  needed  information  in  regard  to  plant-foods 
and  their  proper  use.  Many  farmers  use  commercial  fer- 
tilizers blindly  in  somewhat  the  same  way  that  people  use 
patent  medicines.    In  the  hope  of  increasing  yield  of  crops. 
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Without  definitely  learning  why  crops  are  decreasing,  com- 
mercial fertilizers  are  tried,  some  brand  being  used  in 
accordance  with  the  recommendation  of  a  neighbor  or  some 
seller  of  fertilizers.  It  is  easy  to  acquire  the  "fertilizer 
habit"  and  difficult  to  abandon  it  This  blind,  slavish  use  of 
fertilizers  deadens  the  intellectual  activity  and  in  many  cases 
has  led  to  actually  decreased  productivity  of  soil  when 
sole  dependence  has  been  placed  on  their  use  for  long- 
continued  periods. 

General  reliability  of  commercial  fertilizers. — In  clos- 
ing this  chapter,  it  is  only  fair  to  say  that  it  is  the  writer's 
belief,  based  on  observation  and  experience  derived  from 
connection  with  fertilizer  inspection  for  over  twenty  years, 
that  the  manufacture  of  commercial  fertilizers  today  is,  on 
the  whole,  more  carefully  managed,  and  the  products  more 
reliable  in  uniformity,  than  at  any  previous  time. 


CHAPTER  XXV 

HOME-MIXED  FERTILIZERS 

Commercial  fertilizers  are  made  of  well-known  materials, 
most  of  which  can  be  purchased  by  any  farmer.  The  ques- 
tion began  to  be  raised  some  years  ago  as  to  why  farmers 
could  not  purchase  unmixed  plant-food  materials,  such  as 
sodium  nitrate,  ammonium  sulphate,  dried  blood,  ground  fish, 
acid  phosphate,  ground  bone,  potassium  chloride  and  sul- 
phate, etc.,  and  mix  these  materials  for  their  own  use.  Sev- 
eral experiment  stations  have  given  careful  attention  to  the 
study  of  home-made  mixtures  and  have  pronounced  their 
use  to  be  entirely  satisfactory.  Progressive  farmers  have 
followed  the  guidance  of  experiment  stations.  The  number 
of  farmers  who  mix  their  own  fertilizers  has  increased  from 
year  to  year.  It  has  been  noticed  that  when  a  farmer  once 
tries  this  method,  he  rarely  purchases  a  ready-mixed  com- 
plete fertilizer  afterwards. 

Manufacturers  of  fertilizers  and  their  agents  have  persist- 
ently sought  to  discourage  the  practice  of  home-mixing,  but 
their  statements  cannot  he  accepted  as  the  evidence  of 
disinterested  parties.  It  has  been  represented  to  farmers  that 
peculiar  and  mysterious  virtues  are  imparted  to  the  plant- 
food  constituents  by  proper  mixing,  and  that  really  proper 
mixing  can  be  accomplished  only  by  means  not  at  the  com- 
mand of  farmers.  Such  statements  are  misrepresentations, 
based  either  upon  the  ignorance  of  the  person  who  makes 
them  or  upon  his  determination  to  sell  commercial  mixed 
goods.  Sodium  nitrate,  for  example,  does  its  work  in  plant 
nutrition  in  exactly  the  same  manner  whether  it  is  added 
to  the  soil  as  part  of  a  mixture  or  whether  the  ingredients 
are  applied  separately.  The  availability  of  plant-food  is  not 
usually  affected  by  mixing,  when  proper  precautions  are 
taken  not  to  mix  certain  kinds  of  materials  together. 
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In  presenting  the  subject  of  home-mixed  fertilizers,  we 
will  discuss  it  under  the  following  divisions : 

1.  Utensils  needed  to  mix  materials. 

2.  Method  of  mixing  plant-food  materials. 

3.  Use  of  fillers  and  driers. 

4.  Purchasing  unmixed  materials. 

5.  Materials  that  should  not  be  mixed  together. 

6.  Advantages  and  disadvantages  of  home-mixing. 

7.  CoK)perative  purchase  of  unmixed  and  mixed  ferti- 
lizers. 

8.  How  to  calculate  amounts  of  materials  for  home- 
made mixtures. 

UTENSILS  NEEDED  IN  MIXING  MATERIALS 

The  conveniences  needed  to  mix  fertilizers  on  the  farm 
are  the  following:  (i)  A  tight  floor,  hard,  dry  and  under 
shelter,  (2)  platform  scales,  (3)  a  shovel,  (4)  iron  hand- 
rake  or  hoe,  (s)  a  tamper  to  break  hard  lumps,  (6)  a  sand 
or  coal-screen,  (7)  a  grinding-machine,  and  (8)  a  mixing- 
machine.  A  few  of  these  conveniences  call  for  special 
attention. 

(i)  The  tamper  can  be  made  by  nailing  two  upright 
handles  to  a  piece  of  wood  6  inches  thick  and  15  to  18  inches 
long.  If  one  has  a  good  grinding-machine,  breaking  of 
coarse  lumps  by  pounding  may  not  be  necessary. 

(2)  The  screen  can  be  5  to  6  feet  long,  i^  to  2]^  feet 
wide,  with  3  to  6  meshes  to  the  inch. 

(3)  Grinding-machine, — For  making  coarse  material 
finer,  a  good  feed-grinding  mill  will  answer.  Where  one  has 
power  on  the  farm  and  mixes  large  amounts  of  fertilizing 
materials,  it  will  pay  to  purchase  a  special  grinding-machine ; 
some  are  now  on  the  market  that  will  grind  limestone  fine. 
The  principal  use  of  a  grinding-machine  is  to  pulverize  such 
materials  as  sodium  nitrate,  ammonium  sulphate,  potassium 
compounds,  etc.     These  materials   have  all  been  ground 
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once,  but  become  lumpy  on  standing  and  arc  easUy  broken 
up  by  being  passed  through  a  feed-mill  that  is  regulated  so 
as  to  permit  wheat  to  pass.  For  lumps  of  acid  phosphate, 
such  a  mill  should  be  set  so  as  to  crack  com  but  not  wheat. 


IMPLEMENTS  FOR  HOME  MIXING 

If  one  tries  to  grind  acid  phosphate,  ground  tankage  or  fish- 
scrap,  the  material  is  likely  to  become  sticky  and  unman^e- 
able;  this  trouble  can  be  avoided  by  setting  the  feed-mill 
sufficiently  open  to  disintegrate  lumps  without  grinding  the 
material. 
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(4)  Mixiftg-machine, — While  mixing  can  be  done  by 
shoveling  the  materials  over  and  over,  it  will  be  found 
easier  to  use  some  kind  of  a  rotating  box.  A  large,  revolv- 
ing churn  with  slats  across  the  inside  can  be  used,  or  a  box 
or  drum  with  small  projecting  shelves  on  the  inside,  which 
carry  the  materials  around  to  the  top  and  then  drop  them 
from  the  upper  half  to  the  bottom  to  be  taken  up  by  shelves 
and  carried  around  again  and  dropped  repeatedly. 

Method  of  mixing  materials. — The  various  operations 
in  mixing  fertilizing  materials  are  the  following:  (i) 
Weighing  materials,  (2)  screening  out  lumps,  (3)  crushing 
lumps,  (4)  mixing,  (5)  storing. 

( 1 )  Weighing  materials. — The  first  operation  is  to  weigh 
out  the  desired  amount  of  each  material ;  the  method  of  cal- 
culating amounts   of   materials    will  be   considered   later 
(pp.  491-497). 

(2)  Removing  lumps, — If  any  material  is  lumpy,  it  is 
sifted  through  the  sand-screen  and  the  coarse  portions  sep- 
arated. The  driest  material  is  screened  last.  Screens  should 
be  kept  clean. 

(3)  Crushing  lumps. — The  lumpy  portion  is  made  fine  by 
use  of  a  tamper  or  a  shovel,  or  preferably  by  passing  through 
a  grinding-machine,  as  explained  in  the  preceding  section, 
the  driest  material  being  ground  last.  The  powdered  lumps 
are  added  to  the  screened  portion.  The  mill  should  always 
be  cleaned  at  once  after  using.  It  may  be  stated  that  lumpy^ 
sodium  nitrate  easily  disintegrates  when  it  is  sprinkled  lightly 
with  water,  allowed  to  stand  some  hours  and  then  raked 
over. 

(4)  Mixing. — When  the  materials  are  in  proper  condition 
of  fineness,  they  are  ready  for  mixing.  When  a  mixing- 
machine  is  not  used,  the  most  bulky  material,  usually  that 
containing  phosphorus,  is  spread  out  upon  the  floor  in  a 
uniform  layer  about  6  inches  deep;  upon  this  is  spread 
evenly  the  material  next  in  bulk,  usually  that  containing 
nitrogen;  and  then  the  least  bulky  material,  generally  that 
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containing  potassium.  Care  is  taken  to  make  the  material  in 
each  case  cover  the  one  under  it  evenly  over  the  whole 
surface.  Beginning  at  one  side  and  working  across,  one 
should  shovel  the  whole  pile  over,  making  the  shovel  reach 
clear  to  the  bottom  of  the  pile  every  time.  When  the  whole 
pile  has  been  carefully  shoveled  over  once  in  this  way,  the 
mixed  pile  is  leveled,  the  scattered  material  about  the  edges 
swept  to  the  pile  and  the  whole  is  again  shoveled  over.  This 
process  should  be  repeated  three  or  four  times  or  until  thor- 
oughly mixed,  as  shown  by  uniformity  of  color  and  absence 
of  streaks  of  different  materials.  The  mixture  can  finally 
be  passed  through  the  screen  once,  if  desired. 

When  a  mixing-machine  is  used,  like  that  described  above, 
the  different  materials  in  proper  amounts,  when  ready  for 
mixing,  are  put  into  the  mixing-machine,  the  door  closed 
and  the  machine  rotated  for  some  minutes.  The  amount 
mixed  in  a  machine  depends  chiefly  on  the  size  of  the  mixer. 
Care  should  be  taken  never  to  fill  such  mixers  more  than 
half  full ;  otherwise  the  mixing  may  not  be  thorough. 

(5)  Storing. — For  storage  and  general  convenience  in 
handling,  it  is  well  to  weigh  the  mixed  fertilizer  into  sacks 
that  hold  100  to  150  pounds. 

USE  OF  FILLERS  AND  DRIERS 

There  is  a  popular  belief  that  all  fertilizers  contain  some 
inert,  valueless  material  added  solely  for  the  purpose  of  mak- 
ing weight.  While  this  may  be  true  in  some  cases  it  is  not 
necessarily  true  in  most  fertilizers.  This  belief  in  the  uni- 
versal use  of  fillers  in  fertilizers  is  based  upon  the  methods 
of  stating  the  results  of  chemical  analysis.  For  example,  a 
high-grade  fertilizer,  showing  an  analysis  of  5  per  cent,  of 
nitrogen,  10  of  phosphoric  acid  (equal  to  4.4  phosphorus) 
and  10  of  potash  (equal  to  8.3  potassium),  contains,  all  told, 
only  25  pounds  of  plant-food  constituents  in  100  pounds  of 
material,  or,  using  the  figures  for  phosphorus  and  potassium, 
only  17.7  pounds  of  plant- food  constituents.    Many  raise  the 
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question  as  to  what  the  remainder  of  75  pounds  consists  of, 
assuming  it  to  be  worthless  filler  added  to  increase  weight. 
This  seeming  difficulty  is  easily  explained  when  we  con- 
sider that  the  method  of  stating  the  results  of  chemical  analy- 
sis gives  only^a  part  of  what  is  in  the  fertilizer.  For  example, 
nitrogen  is  present  in  fertilizers  only  in  combination  with 
other  elements ;  in  sodium  nitrate,  for  each  pound  of  nitro- 
gen used,  we  add  to  a  fertilizer  about  1.5  pounds  of  sodium 
and  3.5  pounds  of  oxygen;  or,  expressed  in  another  way, 
sodium  nitrate  consists  of  only  one-sixth  nitrogen  and,  in 
order  to  get  one  pound  of  nitrogen,  it  is  necessary  to  use  6 
pounds  of  sodium  nitrate.  Similarly,  it  requires  about  10 
pounds  of  dried  blood  to  furnish  one  pound  of  nitrogen,  etc. 
(p.  254).  Each  material  used  is  a  compound  or  diluted  form 
of  nitrogen,  phosphorus  or  potassium.  For  a  variety  of 
reasons  it  is  impossible  to  use  either  pure  nitrogen,  phos- 
phorus or  potassium  in  fertilizers,  and  we  must  use  those 
compounds  or  diluted  forms  which  are  best  adapted  to 
feeding  plants  and  at  the  same  time  are  sufficiently  plentiful 
and  cheap  to  make  their  use  practicable.  These  statements 
will  find  constant  illustration  later  and  we  do  not  need  to 
enlarge  upon  them  here. 

While  worthless  materials  may  be  added  as  fillers  to 
make  low-grade  fertilizers,  there  is  also  a  legitimate  use  of 
so-called  fillers,  and  that  is  as  driers  for  the  special  pur- 
pose of  insuring  good  mechanical  condition.  Materials  like 
sodium  nitrate,  calcium  nitrate,  potassium  chloride,  kainite, 
etc.,  absorb  moisture  and  the  mixtures  in  which  such  mate- 
rials are  present  are  liable  to  harden  on  standing.  This  can 
be  prevented  by  using  in  the  mixture  some  dry,  inert  mate- 
rial that  will  hold  moisture  and  keep  the  mass  from  caking. 
For  this  purpose  nothijig  is  better  than  fine,  dry  muck  or 
peat.  One  can  also  use  fine  sand,  gypsum,  coal  ashes,  fine 
cinders,  sawdust  and  even  fine,  dry  earth.  It  will  not, 
however,  do  to  use  quicklime  (calcium  oxide)  or  slaked 
lime    (calcium  hydroxide)    or   wood-ashes   in  many   ferti- 
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lizers  (p.  485).  When  a  mixture  contains  considerable 
amounts  of  bone-meal,  fine  tankage  or  cottonseed-meal,  no 
filler  or  drier  will  usually  be  needed,  since  these  materials 
generally  insure  a  good  mechanical  condition.  When  a 
home-mixed  fertilizer  is  prepared  some  weeks  or  months 
before  it  is  used,  and  especially  when  it  contains  considerable 
amounts  of  sodium  nitrate  and  potassium  chloride,  it  will 
usually  be  well  to  put  into  the  mixture  some  material  to  act 
as  a  drier  to  prevent  hardening  into  a  cake. 

PURCHASING  UNMIXED  MATERIALS 

In  purchasing  tmmixed  materials,  attention  should  be 
given  to  certain  points  which  have  often  been  the  subject 
of  inquiry  among  farmers.  Some  of  the  more  important 
of  these  that  deserve  our  consideration  are  the  following: 

(i)  Where  to  purchase,  (2)  how,  (3)  when,  (4)  what 
grade,  (5)  co-operative  buying,  (6)  use  of  "unit"  system, 

(7)  fineness  and  dryness. 

Where  to  purchase  unmixed  materials. — Experiment 
stations  in  the  different  states  usually  furnish  on  request 
a  list  of  the  addresses  of  reliable  dealers  in  plant-food  mate- 
rials. Many,  if  not  most,  manufacturers  of  fertilizers  do 
not  handle  this  kind  of  trade.  Special  dealers  in  sodium 
nitrate  are  located  in  commercial  centers  throughout  the 
United  States,  and  many  of  these  also  make  a  specialty  of 
handling  other  unmixed  materials.  Owing  to  the  increasing 
demand  for  these  goods,  local  dealers  are  increasing  in 
number  in  localities  where  fertilizers  are  extensively  used. 

How  to  purchase  unmixed  materials. — Before  purchas- 
ing, farmers  are  advised  to  obtain  for  themselves  prices  at 
which  they  can  actually  buy  plant-food.  Quotations  should 
be  obtained  by  making  inquiries  from  three  or  four  different 
sellers,  asking  at  what  prices  they  will  furnish  the  specific 
forms  of  plant-food  materials  that  one  wishes  to  use.  This 
precaution  will  prevent  the  possibility  of  paying  a  price 
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abo^e  that  prevailing  at  the  time.     Usually,  iicwever,  the 
quotations  will  be  found  practically  the  same. 

When  to  purchase  materials. — By  watching  market 
variations  as  they  are  now  reported  in  agricultural  papers, 
it  is  possible  to  save  something.  It  often  happens  that  the 
lowest  prices  prevail  in  early  winter,  a  season  when  farmers 
are  the  least  busy.  On  all  accounts,  this  will  be  found  the 
best  time  to  buy  and  mix  materials,  since  home-mixing  should 
be  completed  before  the  beginning  of  spring  work.  It  is 
well  to  begin  correspondence  about  the  purchase  of  materials 
in  November  or  December. 

What  grade  of  materials  to  buy. — It  will  invariably  be 
found  more  economical  to  purchase  high-grade  plant-food 
materials.  While  bulk  is  often  desirable  in  applying  ferti- 
lizers, the  object  in  purchasing  should  be  to  obtain  as  much 
available  nitrogen,  phosphorus  and  potassium  as  possible  for 
one  dollar,  instead  of  as  many  pounds  as  possible  of  material, 
regardless  of  the  amount  of  plant-food  contained  in  it. 
This  statement  applies  to  all  fertilizers,  mixed  or  unmixed. 

Co-operative  buying. — In  purchasing  unmixed  plant- 
food  materials,  considerable  economy  can  be  effected  by  the 
combination  of  several  farmers  in  a  community  in  ordering 
their  supplies  together.  This  method  is  being  advantageously 
used  by  many  granges  and  farmers*  clubs.  The  unmixed 
materials  are  purchased  in  quantity  and  distributed  to  indi- 
viduals, each  of  whom  mixes  his  own  materials.  This 
method  effects  saving  of  freight  and  obtains  the  benefit  of 
lower  prices  on  carload  lots.  Such  methods  always  depend 
upon  cash  payment  and  usually  result  in  the  most  economical 
purchase  of  plant-food  possible. 

Use  of  "unit"  system  in  purchasing  materials. — ^The 
method  that  has  been  commonly  employed  by  farmers,  and 
is  still  too  much,  in  purchasing  fertilizers,  whether  mixed 
or  unmixed,  is  to  pay  a  given  price  for  a  ton  of  material 
without  particular  reference  to  its  guaranteed  composition, 
which  tells  how  much  plant-food  there  is.     In  purchasing 
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such  high-grade  materials  as  sodium  nitrate,  ammonium 
sulphate,  potassium  compounds,  etc.,  the  composition  is 
fairly  uniform  and  one  may  generally  be  safe  in  purchasing 
by  the  ton.  However,  in  variable  material  like  tankage,  for 
example,  one  should  never  purchase  without  a  guaranteed 
statement  of  composition. 

The  "unit"  system  is  based  on  actual  amounts  of  plant- 
food  contained  in  the  materials  purchased.  A  tmit  of  plant- 
food  is  one  per  cent,  for  one  ton,  that  is,  20  pQunds.  A 
unit  of  nitrogen,  or  available  phosphoric  acid,  or  potassium, 
is  20  pounds.  In  quoting  prices,  a  dealer  might  offer  potas- 
sium sulphate  at  $1  per  unit  of  actual  potash,  20  potmds  of 
potash,  which  would  equal  5  cents  a  pound.  Of  course,  we 
can  get  at  the  same  result  on  a  ton  basis  and  a  specific  per- 
centage guarantee.  For  example,  potassium  sulphate  con- 
taining 50  per  cent,  of  potash  is  quoted  at  $50  a  ton ;  50  per 
cent,  of  a  ton  is  1,000  pounds,  and  a  pound  costs  5  cents. 
The  unit  system  is  somewhat  simpler,  because,  to  fi.nd  out 
the  price  of  one  pound,  it  is  necessary  only  to  divide  the 
price  of  one  unit  by  20. 

Fineness  and  dryness  important. — Materials  to  be  used 
in  mixing  should  be  in  finely  powdered  form  and  dry.  This 
is  necessary  in  order  that  the  materials  may  be  more  easily 
and  completely  mixed  and  that  the  mixture  be  in  good 
mechanical  condition  for  applying  to  the  soil.  Usually, 
unmixed  materials  that  liave  stood  for  some  time  cake  more 
or  less  and  will  need  screening  and  grinding  before  mixing. 
The  precaution  should  be  taken  to  keep  unmixed  materials 
stored  in  a  dry  place  before  mixing,  and,  of  course,  the 
mixed  materials  should  likewise  be  kept  dry  to  prevent  cak- 
ing, as  well  as  possible  loss  of  organic  nitrogen  through 
decomposition. 

MATERIALS  THAT  SHOULD  NOT  BE  MIXED 

TOGETHER 

Plant-food  materials  cannot  be  mixed  indiscriminately 
without,  in  some  cases,  incurring  risk  of  loss  or  unfavorably 
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affecting  the  mechanical  condition.  It  is  important  to  know 
what  mixtures  should  not  be  attempted,  and  we  present  here 
a  comprehensive  statement  regarding  the  subject,  including 
most  of  the  materials  with  which  a  farmer  may  have  to  do. 
We  will  state  the  facts  under  the  following  heads :  ( i )  Loss 
of  ammonia  nitrogen,  (2)  loss  of  nitrate  nitrogen,  (3)  rever- 
sion of  soluble  phosphoric  acid,  (4)  unfavorable  mechanical 
effect. 

Mixtures  causing  loss  of  ammonia  nitrogen. — Alkaline 
compounds  easily  set  free  ammonia  from  ammonium  com- 
pounds, such  as  ammonium  sulphate.  They  may  also,  if  in 
sufficiently  concentrated  form,  decompose  animal  matter, 
setting  free  ammonia,  especially  when  stored  in  a  damp, 
warm  place.  When  mixtures  of  such  materials  are 
immediately  placed  in  the  soil,  the  ammonia  is  held  (p.  182), 
but  when  they  stand  in  the  air,  the  ammonia  escapes 
and  is  lost.  The  following  list  indicates  materials  that  should 
not  be  mixed  for  this  reason : 


Calcium  oxide  (qtiicldime) ' 

Caldum  hydroxide  (slaked  lime)  . . . 
Potaasium  carbonate  (in  wood-asheB) 

Baaic-fllag  phosphate 

Calcium  cyanamid 

Basic  calcium  nitrate 


Should  not 

be  mixed 

with 


Ammonium  talphata 

Animal  manurea  (bone,  tanWgB, 

blood,  fish  scrap,  etc 
Nitrogenous  guanoa 


It  IS  claimed  that  the  preparations  of  calcium  cyanamid 
now  in  use  overcome  this  objection. 

Loss  of  nitrate  nitrogen. — ^There  is  one  condition 
under  which  loss  of  nitrate  nitrogen  is  liable  to  occur, 
though  it  is  probably  not  frequent,  but  should  be  mentioned 
as  a  possibility.  When  moist  acid  phosphate,  so  carelessly 
made  as  to  contain  considerable  amounts  of  free  sulphuric 
acid,  is  mixed  with  sodium  nitrate  and  kept  in  a  warm  place, 
some  free  nitric  acid  may  be  formed  and  escape  into  the  air. 
Any  such  possibility  of  loss  can  be  obviated  by  adding  to  the 
materials  before  mixing  a  little  sprinkling  of  finely  powdered 
slaked  lime  or  carbonate,  which  will  neutralize  any  sulphuric 
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acid  present.    Care  should  be  taken  not  to  add  too  much, 
since  the  soluble  phosphate  would  be  reverted. 

Reversion  of  soluble  phosphoric  acid. — When  certain 
calcium  compounds  are  mixed  with  soluble  calcium  phos- 
phate, as  contained  in  acid  phosphate  or  any  superphosphate, 
the  soluble  phosphate  is  changed  to  the  reverted  form 
(p.  46).  The  following  form  of  statement  indicates  what 
mixtures  are  to  be  avoided  on  this  account : 


Calcium  oxide 

Calcium  hydroxide . . . 
Calcitun  carbonate . . . 

Wood-ashes 

Basic  calcium  nitrate. 


Should  not 

be  mixed 

with 


Soluble  phosphates 

(superpnosphate.  add 
phosphate,  etc.) 


For  the  same  reason  magnesium,  iron  and  aluminum 
compounds  should  not  be  mixed  with  acid  superphosphates, 
but  these  materials  do  not  occur  in  appreciable  amounts  in 
most  plant-food  materials. 

Unfavorable  mechanical  effect. — Several  of  the  mate- 
rials used  in  making  fertilizers  have  more  or  less  of  a 
tendency  to  absorb  moisture,  such  as  sodium  nitrate,  potas- 
sium chloride,  kainite,  and  other  crude  potash  materials. 
When  calcium  compounds,  like  quicklime  or  slaked-lime, 
are  mixed  with  such  moisture-absorbing  materials,  they  are 
likely,  on  standing  for  some  time,  to  harden  and  make  a 
solid  mass,  difficult  to  handle.  If,  however,  the  mixture  is 
distributed  soon  after  being  made,  this  trouble  is  avoided. 
Another  method  of  preventing  the  occurrence  of  hardening 
in  such  cases  is  to  add  to  the  mixture  one-fourth  or 
more  of  its  weight  of  fine,  dry  muck,  or  some  similar  good 
drier.  The  materials  which  for  this  reason  should  not  be 
mixed,  or  mixed  only  just  before  using  on  the  soil,  are  indi- 
cated in  the  following  way : 


Should  not  be 

v^iuvauxQ  QAiue  v.^ul^'K.il^ne; 1        mixed  with. 

Calcium  hydroxide  (slaked  lime)  >  except  just  before 

plicatic 
to  soil 


Calcium  oxide  (quicklime) . .....  mixed  with. 


Basic  calcium  nitrate I         application 


Sodium  nitrate 
Potassium  chlorido 
Kainite,  etc 
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ADVANTAGES  AND  DISADVANTAGES  OF 

HOME-MIXING 

Some  of  the  advantages  of  home-mixed  fertilizers  have 
been  incidentally  indicated  in  a  general  way,  but  it  is  desir- 
able that  we  should  consider  both  sides  of  the  subject,  the 
unfavorable  as  well  as  the  favorable  aspects,  in  order  to 
reach  a  sound  basis  of  judgment. 

Advantages  of  home-mixing. — Among  the  specific  ad- 
vantages that  may  result  from  purchasing  unmixed  materials 
and  mixing  them  on  the  farm,  we  will  notice  the  following : 
(i)  Economy,  (2)  definite  knowledge  of  materials  used,  (3) 
variation  of  mixtures  to  suit  different  conditions,  (4)  edu- 
cational value. 

(i)  Economy  in  home-mixed  feytilisers, — The  average 
retail  price  of  one  ton  of  a  mixed  commercial  fertilizer  is, 
as  previously  stated  (p.  469),  considerably  higher  than  the 
retail  cost  of  the  unmixed  materials.  This  difference,  which 
represents  the  cost  of  mixing,  freight,  profit,  commissions, 
etc.,  varies  according  to  the  grade  of  fertilizer ;  in  the  case 
of  high-grade  goods,  the  difference  averages  only  about  $5, 
while  in  low-grade  fertilizers  the  difference  averages  $8  or 
$9  .  It  is  obvious  that  at  least  a  considerable  portion  of  this 
difference  can  be  saved  by  purchasing  unmixed  ingredients. 
The  following  figures  illustrate  differences  that  have  been 
found  to  exist  in  the  cost  of  a  pound  of  plant-food  in  mixed 
fertilizers  and  unmixed  materials : 

Table  50 — Average  Cost  of  One  Pound  of  Plant-Food 
IN  Mixed  and  Unmixed  Fertilizers 

^  n  Nitrogen.    Available  phosphoric  acid.  Potash. 

Commercial  Fertilizers  ccnts  Cents  Cents 

Low-grade  complete  fertilizers 26.3  8.0  6.8 

Medium-grade 23.2  7.0  6.0 

Medium  high-grade 21.0  6.4  5.4 

High-grade 19.6  6.0  5.0 

Unmixed  Materials 

Dried  blood 18.S                          ^                         

Bone-meal 14.9  4.0  (total  phos.  add) 

Sodium  nitrate 13.9  ^^                          — 

Acid  phosphate —  5.1                         •— 

Potassium  sulphate — —  —                           5.0 

Potassium  chloride —  — ^                          4.6 
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The  cost  of  a  pound  of  plant-food  in  unmixed  materials  is 
markedly  lower  than  even  in  high-grade  mixed  fertilizers, 
the  difference  becoming  greater  as  the  grade  of  the  com- 
mercial fertilizers  goes  down. 

In  addition  to  the  cost  of  materials,  farmers  can  properly 
add  the  cost  of  their  labor  in  mixing,  which  is  in  reality  a 
small  matter,  since  this  work  can  be  done  when  there  is  least 
demand  on  the  farmer's  time.  For  the  farmer  who  pur- 
chases low-grade  mixed  commercial  fertilizers,  there  is  a 
possible  saving  of  $10  a  ton,  and  it  is  safe  to  count  on  $5  at 
least.  For  those  who  purchase  high-grade  fertilizers,  the 
saving  will  usually  be  $5  or  more  a  ton,  and  not  less  than  $3. 
For  those  who  use  10  tons  or  more  of  fertilizer,  the  saving 
effected  by  home-mixiilg  can  be  seen  to  be  very  considerable 
in  the  aggregate. 

(2)  Definite  knowledge  of  materials  used, — ^When  sepa- 
rate materials  are  purchased,  the  farmer  can  more  easily 
ascertain  whether  they  are  what  they  are  purchased  for. 
Ground  leather  cannot  be  passed  off  for  sodium  nitrate  or 
ammonium  sulphate.  In  mixed  goods,  all  mysteries  of 
inferior  composition  are  beyond  detection  by  the  eye. 
Unmixed  materials  are  usually  more  uniform  in  composi- 
tion than  the  mixed.  The  chances  are  that  the  farmer  will 
get  better  forms  of  plant-food  in  unmixed  than  in  mixed 
products. 

(3)  Variation  of  conditions  to  suit  different  needs. — By. 
careful  observation  and  some  experimenting,  each  farmer 
can  make  mixtures  with  those  proportions  of  plant-foods 
which  best  meet  the  conditions  of  his  soil  and  crops.  It  is 
safe  to  say  that,  without  any  experience,  farmers  can  hit 
their  needs  by  mere  guessing  quite  as  nearly  as  do  some  of 
the  complete  fertilizers  that  they  use.  Attention  has  already 
(p.  463)  been  called  to  the  fact  that  among  mixed  fertilizers 
special  mixtures  for  the  same  crop  are  found  to  vary  quite 
as  much  as  do  mixtures  for  different  crops.  In  purchasing 
unmixed  materials,  one  can  apply  a  single  plant-food  con- 
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stituent  at  a  time,  a  method  that  is  found  very  useful  under 
some  conditions. 

(4)  Educational  value. — ^There  is  little  of  educational 
value  in  using  an  imknown  mixture.  To  purchase  intelli- 
gently immixed  fertilizing  materials  ultimately  leads  in  most 
cases  to  a  well-grounded  knowledge  of  agricultural  science. 
One  will  seek  to  know  what  the  different  forms  of  plant-food 
materials  are,  what  they  do,  from  what  sources  they  are 
derived,  how  they  can  be  obtained  and  how  he  can  use  them 
to  best  advantage.  He  becomes  a  student  and  an  investi* 
gator  and,  of  necessity,  takes  a  deeper  interest  in  his  work. 
His  entire  system  of  farming  is  lifted  to  a  higher  plane  and 
his  more  intelligently  applied  labor  yields  more  profitable 
results.  The  writer  has  had  opportunity  to  observe  many 
such  cases  of  evolution. 

Disadvantages  of  home-mixing. — ^The  disadvantages 
that  are  suggested  in  connection  with  home-mixing  are  the 
following:  (i)  Difficulty  of  purchasing  small  amounts  of 
immixed  materials,  (2)  injury  to  crops  from  incomplete 
mixing,  (3)  imperfect  mechanical  condition,  (4)  injury  to 
crops  by  application  of  concentrated  materials. 

(i)  Difficulty  of  purchasing  small  amounts  of  unmixed 
materials. — It  has  been  true,  but  is  no  longer,  that  it  is  dif- 
ficult to  obtain  small  lots  of  tmmixed  materials ;  for  dealers 
are  rapidly  increasing  and  are  ready  to  sell  materials  in  small 
or  large  amounts.  The  advantage  of  purchasing  large 
amounts  can  readily  be  realized  by  co-operation  of  farmers 
in  purchasing  their  supplies  together. 

(2)  Injury  to  crops  from  incomplete  mixing. — Farmers 
are  told  by  sellers  of  mixed  fertilizers  about  the  difficulty 
of  mixing  fertilizing  materials,  with  the  consequence  of 
uneven  application  to  the  soil,  some  portions  getting  little  or 
no  plant- food  and  others  too  much,  the  result  of  which  makes 
uneven  crops  and  reduced  yields.  As  to  the  ability  of  farm- 
ers to  mix  their  own  fertilizers,  no  doubt  exists  except  in 
the  minds  of  those  who  desire  to  sell  mixed  goods.    The 
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fact  that  a  farmer  who  once  intelligently  undertakes  mixing 
his  own  fertilizers  seldom  goes  back  to  the  use  of  com- 
mercial mixed  fertilizers  is  sufficient  evidence  of  accom- 
plished success.  The  number  of  farmers  engaged  in  the 
home-mixing  of  fertilizers  is  constantly  increasing,  in  spite 
of  discouragement  promoted  by  sellers  of  mixed  fertilizers. 

(3)  Ifi^p^rfect  mechanical  condition, — While  it  is  true 
in  the  best-made  commercial  fertilizers  that  the  degree  of 
fineness  is  better  than  in  home-mixed  materials,  home-made 
mixtures  can,  with  the  precautions  given,  be  made  suffi- 
ciently fine  for  all  practical  purposes  and  fully  as  satisfactory 
as  that  found  in  many  mixed  fertilizers  and  much  better 
than  that  found  in  some  coming  under  the  observation  of 
the  writer. 

(4)  Injury  to  crops  by  application  of  concentrated  mate- 
rials, — ^When  materials  like  sodium  nitrate,  acid  phosphate 
and  potassium  chloride  or  sulphate  are  put  together,  we  have 
a  mixture  of  concentrated  materials,  which  may  do  harm  to 
seeds  when  the  mixture  is  applied  to  the  soil.  It  requires 
some  care  to  spread  concentrated  mixtures  evenly,  and  in 
amotmts  too  small  to  injure  seeds.  This  difficulty  is  easily 
overcome  by  mixing  with  the  concentrated  materials  more 
or  less  inert  matter  like  fine,  dry  muck,  sand,  earth,  etc, 

CO-OPERATIVE  PURCHASE  OF  FERTILIZERS 

In  some  towns,  farmers  combine  in  the  purchase  of 
unmixed  plant-food  materials,  each  one  doing  his  own  mix- 
ing. In  other  cases,  a  farmers'  organization  decides  upon 
one  or  more  definite  formulas  and  sends  out  specifications 
to  manufacturers  for  furnishing  the  same  ready  mixed  and 
sacked,  letting  the  contract  to  the  lowest  responsible  bidder. 
For  example,  in  one  community,  where  potatoes  and  vege- 
tables are  exclusively  grown,  they  have  found  that  they 
obtain  increased  crop  returns  by  the  use  of  a  fertilizer  con- 
taining 4  per  cent  of  nitrogen.  8  per  cent,  of  available  phos* 
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phoric  acid  and  lo  per  cent,  or  less  of  potash.  They  require 
the  nitrogen  to  be  furnished  in  three  different  forms,  one- 
half  in  ground  fish,  one-fourth  in  sodium  nitrate  and  one- 
fourth  in  ammonium  sulphate ;  the  potash  is  in  the  form  of 
chloride.  One  season  they  purchased  i,ooo  tons  of  this 
mixture  at  $24.80  a  ton ;  commercial  fertilizers  of  the  same 
composition  were  retailing  at  the  same  time  for  $36  to  $40. 
The  actual  saving  effected  by  the  members  of  this  organiza- 
tion was  not  less  than  $10,000  a  year.  At  the  stated  price, 
nitrogen  cost  11.7  cents  a  pound,  phosphoric  acid  3.6  cents 
and  potash  3.75  cents,  prices  a  little  over  one-half  those  paid 
for  plant-food  by  the  average  farmer  purchasing  mixed  fer- 
tilizers in  the  ordinary  way. 

HOW   TO    CALCULATE   AMOUNTS    OF    MATE- 
RIALS FOR  HOME-MADE  MIXTURES 

Many  communications  come  to  the  writer  from  farmers, 
asking  him  to  calculate  the  amounts  of  materials  to  be  used 
in  making  a  fertilizer  according  to  a  given  formula  or  cer- 
tain proportions  of  nitrogen,  phosphoric  acid  and  potash. 
We  will  now  give  methods  which  can  be  used  by  anyone  who 
is  at  all  familiar  with  ordinary  processes  of  arithmetic.  We 
will  first  give  the  usual  method  of  making  the  necessary 
calculations,  and  later  (p.  494)  will  give  a  much  shorter  and 
simpler  method  which  is  equally  accurate  when  one  knows 
the  composition  of  the  materials  one  uses. 

For  example,  a  farmer  wishes  to  make  a  fertilizer  con- 
taining: 

3.5  per  cent  of  nitrogen 

8.0 available  phosphoric  add 

10.0  -      «     ••  potash 

and  for  this  purpose  he  has  the  following  materials : 

Soditun  nitrate  containing  15  x>er  cent,  of  nitrogen 

Acid  phosphate  containing  14  i>er  cent,  of  available  phosphoric  acid 

Potassium  chloride,  containing  50  per  cent,  of  i>otash 

How  much  of  each  of  these  materials  is  it  necessary  to 
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take  to  make  one  ton  of  a  mixture  having  tfie  above  per* 
centage  composition? 

The  process  necessary  to  solve  the  problem  may  be  con- 
veniently divided  into  four  steps  or  operations,  as  follows: 

(i)  The  first  step  consists  in  finding  the  number  of 
pounds  of  nitrogen,  phosphoric  acid  and  potash  in  one  ton 
of  a  fertilizer  having  the  formula  given  above  (3.5 — 8 — 10). 
This  is  done  by  multiplying  the  number  representing  the  per 
cent,  by  20,  as  follows : 

Pef  cent.  ■■v^,..^,  -  -  ^ — 

Cpotmdi  per  1001     "wndiperto* 

Nttrogien 3.5    X    20    •■      70 

Available  phosphorio  acid 8.0    X    20    •■     160 

Potash 10.0    X    20    •■    200 

(2)  The  second  step  consists  in  finding  (a)  how  many 
pounds  of  sodium  nitrate  containing  15  per  cent  of  nitrogen 
will  be  required  to  furnish  70  pounds  of  nitrogen;  (b)  how 
many  pounds  of  acid  phosphate  containing  14  per  cent,  of 
available  phosphoric  will  be  required  to  furnish  160  pounds 
of  available  phosphoric  acid;  and  (c)  how  many  pounds  of 
potassium  chloride  containing  50  per  cent  of  potash  will  be 
required  to  furnish  200  pounds  of  potash. 

(a)  Since  100  pounds  of  sodium  nitrate  contains  15 
pounds  of  nitrogen,  it  will  require  to  furnish  70  pounds 
of  nitrogen  as  many  times  100  as  15  is  contained  in  70,  or 
460;  this  calculation   may  be  represented  as  follows: 

70—15X100  or  22-^^-12?  =  460  pounds  of  sodium  nitrate. 

(b)  Since  100  pounds  of  acid  phosphate  contains  14 
pounds  of  available  phosphoric  acid,  it  will  require  to  fur- 
nish 160  pounds  of  available  phosphoric  acid  as  many  times 

100  as  14  is  contained  in  160;  160-=- 14X100,  or  ^^  ^  ^^  -=- 
1 140  pounds  of  acid  phosphate. 

(c)  Since  100  pounds  of  potassium  chloride  contains  50 
per  cent  of  potash,  it  will  require  to  furnish  200  pounds  of 
potash  as  many  times    100  as  50  is   contained  in  200; 

200-7-50X100,  or  ^^  ^  ^^  =400  pounds  of  potassium 
chloride. 
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(3)  The  third  step  consists  in  adding  the  amounts  of 
plant-food  materials  (460+1140+400),  which  equal  2,000 
pounds. 

In  case  the  added  materials  fall  short  of  2,000  poimds,  as 
often  happens>  enough  inert  material  or  filler  or  drier  (p. 
480)  is  added  to  make  the  total  mixture  equal  2,000  pounds. 
For  example,  a  3 — 8 — 7  mixture  made  up  from  the  same 
materials  as  those  used  in  the  illustration  would  make  1,800 
pounds  (400+1120+280);  to  make  this  to  an  even  ton, 
we  add  200  pounds  of  fine,  dry  muck  or  peat,  or  sand  or  fine 
earth,  etc. 

We  can  now  state  the  method  of  operation  in  the  form  of 
a  rule. 

Finding  amoimts  of  materials  to  use  in  making  ferti- 
lizers.— Rule.  To  find  the  amount  of  each  material  to  use 
in  making  one  ton  of  a  fertilizer,  having  a  given  percentage 
composition,  when  the  different  materials  are  given  with 
the  percentages  of  plant-food  constituents  each  contains, 
proceed  as  follows : 

(i)  Find  the  number  of  pounds  of  nitrogen,  available 
phosphoric  acid  and  potash  contained  in  one  ton  of  the  mix^ 
ture  by  multiplying  in  each  case,  respectively,  the  number 
giving  the  per  cent,  by  20. 

nitrogien  X  20  -i  pounds  of  nitrogen  in  one  ton  of  fertaliier 

phosphoric  acid  X  20-        "       "  phosphoric  add •* 

potash    •  X  20  -       ••      ••  potash  «..-••        - 


ia)Per  cent,  ni 
b)  ••  "  pi 
cj  -     ••     pc 


(2)  Find  the  number  of  pounds  of  given  material  re* 
quired  to  furnish  the  number  of  pounds  of  each  plant-food 
constituent  in  one  ton  of  mixture,  as  follows:  Multiply  by 
16b  the  number  of  pounds  of  each  plant-food  constituent 
contained  in  a  ton  and  divide  the  result  by  the  number  giving 
the  percentage  of  the  respective  plant-food  constituent  in  the 
material  used, 

(a)  Lbs  nitrogen  in  1  ton  X  100  -I-  %  nitrogen  in  material  used  ■■ 

Lbs  nitrogen  material  required 

(b)  **  phos.  acid  in  1  ton  X  100  -I-  %  phos.  acid  in  material  used  - 

Lbs.  phos.  acid  material  reauired 

(c)  *'  potash  in  1  ton  X  100  -f-  %  potash  in  material  iised  » 

Lbs.  potash  material  required 
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(3)  Find  the  total  amount  of  plant-food  materials  by 
adding  together  the  results  obtained  in  the  preceding  step.  If 
the  sum  is  less  than  2,000,  add  enough  fine,'  dry  muck  or\ 
other  inert  material  to  make  2,000  pounds. 

Calculation  of  materials  based  on  acre  application. — 
Suppose  a  farmer  is  instructed  to  apply  per  acre  30  pounds 
of  nitrogen,  70  pounds  of  available  phosphoric  acid  and  50 
pounds  of  potash,  in  the  form  of  sodium  nitrate,  acid  phos- 
phate and  potassium  chloride,  containing  tlie  usual  percent- 
ages (15  of  nitrogen,  14  of  available  phosphoric  acid  and  50 
of  potash),  how  can  he  find  out  how  much  of  each  material 
it  will  be  necessary  to  use?  This  practically  involves  only 
the  second  step,  in  the  preceding  process.  The  operation  is 
indicated  briefly,  as  follows : 

(a)  30  Obs  nitrogen)  X  100  -I-  15  (%  nitrogen  in  nitrate)  »  200  lbs  of  sodium  nitrate 

(b)  70  (lbs.  phos.  acid)  X  100  4-  14  (%  phos.  acid  in  add  phos.)  « 

500  lbs.  of  acid  phoephate 

(c)  50  Qbs  potash)  X  100  -!-  50  (%  potash  in  chloride)  »  100  lbs  of  potassium  chloride 

The  results  added  together  would  make  an  application  of 
8oo  pounds  of  the  mixture  per  acre.  In  such  a  case  as  this, 
if  one  desired  to  make  larger  amounts,  each  material  is 
increased  two,  three,  or  as  many  times  as  suits  one's  purpose 
or  convenience. 

Short  method  for  calculation  of  amounts  of  materials. — 
By  making  use  of  the  figures  given  in  Table  51,  considerable 
labor  can  be  saved,  especially  when  one  knows  the  percentage 
of  plant-food  constituents  in  the  materials  he  uses.  The  use 
of  the  figures  in  the  table  can  best  be  understood  by  giving 
an  example.  Suppose  one  wishes  to  make  a  mixture  like  the 
one  already  given  (p.  492)  as  an  illustration  (3.5 — 8 — 10), 
using  the  same  materials  (nitrate  with  15  per  cent,  of  nitro- 
gen, acid  phosphate  with  14  per  cent,  of  phosphoric  acid,  and 
potassium  chloride,  with  50  per  cent,  of  potash).  To  find 
how  much  sodium  nitrate  to  use,  we  look  down  the  per- 
centage column  in  Table  51  until  we  come  to  15  and  see  oppo- 
site it  the  number  133 ;  we  then  multiply  this  by  3.5,  the  per 
cent,  of  nitrogen  that  the  mixture  is  to  contain.  For  the  14 
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per  cent  phosphoric  acid  in  acid  phosphate,  we  find  143,  and 
multiply  this  by  8,  the  per  cent,  of  phosphoric  acid  in  the 
mixture ;  and  for  50  per  cent,  of  potash  we  find  40,  which  we 
multiply  by  10,  the  per  cent,  of  potash  in  the  mixed  ferti- 
lizer.   The  operations  are  indicated  as  follows : 

Percent 

in  Factors 
Plant-food  constittient        mixed        found  Amount  of  materials  to  use 

fertili-  in 

ser  table 

Nitrogen 3.S    X     133     »     460  pounds  of  sodium  nitrate 

Phosphoric  add 8.0    X     143     »  1140  '*       acid  phosphate 

Potash 10.0    X      40    »     40Q  **       potassium  chloride 

Total  material 2000 

Table  51 — Factors  for  Quick  Calculation  of  Amounts 
OF  Materials  to  Use  in  Mixing  Fertilizers 


Percent. 

Per  cent 

Per  cent 

Percent 

of  plant- 

Factor  to 

of  plant- 

Factor  to 

of  plant- 

Factor  to 

of  plant- 

Factor  to 

food  con- 

use in 

food  con- 

use in 

food  con- 

use in 

food  con- 

use in 

stituent 

multiply- 

stituent 

multiply- 

stituent in 

multiply- 

stituent 

multiply- 

in mate- 

ing 

in  mate- 

ing 

material 

ing 

in  mate- 

ing 

rial  used 

rial  used 

used 

rial  tised 

1 

2000 

6( 

308 

12 

167 

17* 

114 

u 

1333 

7 

286 

12* 

160 

18 

111 

2 

1000 

7* 

267 

13 

154 

18* 

108 

2i 

800 

8 

250 

13* 

148 

19 

105 

3 

667 

8( 

235 

14 

143 

19* 

100 

3i 

570 

9 

222 

14* 

138 

20 

10 

4 

500 

9i 

210 

15 

133 

25 

80 

4 

444 

10 

200 

IS* 

129 

40 

50 

5 

400 

10^ 

190 

16 

125 

48 

42 

H 

364 

11 

182 

16* 

121 

49 

41 

6 

333 

11* 

174 

17 

118 

50 

40 

We  will  furnish  some  additional  illustrations  of  use  of  the 
table,  (i)  How  much  dried  blood  containing  12  per  cent, 
of  nitrogen  should  be  used  to  furnish  nitrogen  for  one  ton 
of  a  fertilizer  containmg  3  per  cent,  of  nitrogen?  Opposite 
12  (per  cent,  column)  we  find  the  factor  167,  which,  multi- 
plied by  3,  gives  500  pounds  as  the  amount  of  dried  blood  to 
use.  (2)  How  much  acid  phosphate,  containing  14^/$  per 
cent  of  available  phosphoric  acid,  must  be  used  to  furnish 
phosphorus  for  one  ton  of  a  fertilizer  containing  10  per  cent, 
of  phosphoric  acid?  Opposite  the  figure  14^/$  we  find  138, 
which  multiplied  by  10,  gives  1,380  pounds  of  acid  phosphate. 
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(3)  How  much  kainite,  containing  12^  per  cent  of  potash, 
should  be  used  to  furnish  potassium  in  a  fertilizer  containing 
5  per  cent,  of  potash?  Opposite  I2j4  we  find  the  factor 
160,  which,  multiplied  by  5,  equals  800  pounds  of  kainite. 

Calculations  to  make  when  composition  is  stated  in 
other  than  usual  terms. — ^We  have  assumed  in  our 
previous  discussion  that  the  composition  of  materials  is 
stated  in  terms  of  nitrogen,  available  phosphoric  acid  and 
potash.  If,  however,  the  guarantee  of  nitrogen  is  given  as 
ammonia,  the  amount  of  nitrogen  can  be  easily  calculated 
by  consulting  Table  45  (p.  460).  And,  similarly,  if  other 
changes  are  to  be  made  to  get  the  amounts  of  plant-food  in 
terms  of  nitrogen,  phosphoric  acid,  phosphorus,  potash  or 
potassium,  the  method  of  making  the  needed  calculation  can 
be  found  in  Table  45  and  in  pages  preceding  (pp.  452-460). 
In  most  cases,  however,  guarantees  will  be  in  usual  form. 

Amount  of  material  containing  one  pound  of  plant- 
food. — ^It  is  often  a  matter  of  convenience  to  know  without 
making  detailed  calculations  how  many  pounds  of  fertilizing 
material  are  required  to  furnish  one  pound  of  plant-food 
(nitrogen,  phosphorus  or  phosphoric  acid,  and  potassium  or 
potash).  In  the  following  table  there  is  given  in  one  column 
the  percentage  of  plant-food  in  the  fertilizing  material,  and 
in  the  next  column  the  number  of  pounds  of  such  material 
required  to  furnish  one  pound  of  plant-food. 

Table  52 — ^Amount  of  Fertilizing  Material  Contain- 
ing One  Pound  of  Plant-Food 


Pounds  of 

Pounds  of 

Pounds  of 

Per  cent,  of 

material 

Per  cent,  of 

material 

Per  cent,  of 

material 

plant-food 

required  to 

plant-food 

required  to 

plant-food 

required  to 

constituent 

furnish  one 

constituent 

furnish  one 

constituent 

in  material 

potmdof 

in  material 

pound  of 

in  material 

pound  of 

plant-food 

plant-food 

plant-food 

1 

100 

9 

11.1 

17 

6.0 

3 

50 

10 

10.0 

18 

5.5 

J 

33 

11 

9.0 

19 

5.3 

25 

12 

8.3 

ao 

5.0 

A 

20 

13 

7.7 

25 

4J0 

Z 

16.7 

14 

7J 

40 

2^ 

^ 

14.3 

15 

6.6 

48 

2.1 

• 

12.5 

16 

6JZ 

SO 

2j0 

HOME-MIXED  FERTILIZERS  497 

To  illustrate  how  the  table  may  be  used,  the  following 
illustrations  are  given :  ( i )  How  many  pounds  of  bone-meal 
containing  4  per  cent,  of  nitrogen  will  be  required  to  furnish 
I  pound  of  nitrogen?  Ans. — 25  pounds.  (2)  How  many 
pounds  of  cottonseed-meal  containing  7  per  cent,  of  nitrogen 
will  be  required  to  furnish  i  pound  of  nitrogen  ?  Ans.— 14.3 
pounds.  (3)  How  many  pounds  of  kainite  containing  12 
per  cent,  of  potash  will  furnish  i  pound  of  potash  ?  Ans. — 
8.3  pounds.  (4)  How  many  pounds  of  acid  phosphate  con- 
taining 14  per  cent,  of  available  phosphoric  acid  will  furnish 
I  pound  of  available  phosphoric  acid  ?    Ans. — 'j.2  pounds. 


CHAPTER  XXVI 

ROTATION  OF  CROPS 

The  artificial  factors  of  crop  production  are,  as  previ- 
ously stated  (p.  399),  tillage,  crop- rotation  and  applica- 
tion of  plant-food  materials  or  fertilizers.  The  relations 
of  tillage  were  discussed  in  Part  I  (p.  153).  Crop-rota- 
tion and  the  use  of  fertilizers  are  intimately  connected 
and  we  have  therefore  reserved  our  discussion  of  crop- 
rotation  as  a  final  preliminary  to  taking  up  a  study  of  the 
use  of  fertilizers  on  specific  crops.  We  shall  here  dis- 
cuss the  general  principles  of  crop-rotation  and  make 
some  illustrative  applications,  but  more  definite  details 
will  be  presented  in  subsequent  chapters  in  connection 
with  the  use  of  fertilizers  with  particular  crops. 

Crop-rotation  is  a  systematic  arrangement  for  growing 
different  crops  successively  on  the  same  soil.  The  gen- 
eral object  is  to  utilize  the  plant-food  in  the  soil  most 
economically  and,  at  the  same  time,  maintain  the  soil 
in  such  condition,  physical,  chemical  and  biological,  as 
will  promote  the  growth  of  maximum  crops.  The  par- 
ticular system  of  rotation  to  be  used  must  depend  upon 
the  kind  of  soil  and  character  of  farming.  A  fruit-grower, 
a  dairyman,  a  wheat-grower,  a  cotton-grower,  etc.,  would 
each  follow  different  systems  of  rotation. 

The  rotation  of  crops  as  a  system  is  in  contrast  with 
the  one-crop  system  by  which  the  same  kind  of  crop  is 
grown  continuously  year  after  year  on  the  same  soil. 
Under  the  one-crop  system,  soils  sooner  or  later  show 
decrease  in  crop  production,  which  is  usually  due,  in  part, 
to  a  diminished  supply  of  available  plant-food  and,  in 
part,  to  deterioration  of  the  soil  in  such  a  way  as  to  ren- 
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der  it  unfavorable  in  one  or  more  of  Us  relations,  physi- 
cal, chemical,  and  biological. 

We   shall   consider  the   subject   under  the   following 
divisions : 

1.  Reasons  underlying  crop-rotation, 

2.  Effect  on  crop  production. 

3.  General  principles  of  crop-rotation. 


CROP-ROTATION  EXPERIMENTS.      MINNESOTA  STATION. 

REASONS  UNDERLYING  CROP-ROTATION 

The  practice  of  growing  different  crops  in  systematic 
succession  on  the  same  soil  was  the  outgrowth  of  ob- 
servation and  experience ;  the  beneficial  effects  in  the  way 
of  increased  crop  production  were  observed  long  before 
the  reasons  for  the  effects  were  understood.  Some  of 
the  advantages  of  crop-rotation  are  probably  not  clearly 
understood  yet.    We  can  better  comprehend  the  reasons 
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for  the  rotation  of  crops  if  we  know  what  such  a  sys* 
tern  can  accomplish  when  effectively  controlled;  among 
the  principal  things  that  it  may  do  are  the  following: 
(i)  Changes  location  of  feeding-range  of  plants;  (2) 
changes  the  demand  for  individual  plant-food  constitu- 
ents; (3)  makes  most  advantageous  use  of  remains  of 
preceding  crops;  (4)  provides  economical  supplies  of 
nitrogen;  (5)  maintains  supply  of  organic  matter  in  soil; 
(6)  keeps  soil  in  good  physical  condition ;  (7)  provides  ad- 
vantageous means  of  utilizing  both  farm  manure  and 
commercial  plant-foods;  (8)  it  keeps  the  soil  advanta- 
geously occupied  with  crops  most  of  the  time;  (9)  it 
prevents  or  reduces  injury  caused  by  poisonous  sub- 
stances in  soils;  (10)  it  aidi?  in  controlling  injuries  done 
by  insects,  weeds  and  fungi;  (11)  it  often  saves  labor; 
(12)  it  systematizes  farming.  We  will  now  briefly  con- 
sider each  of  these  points. 

Changes  in  location  of  feeding-range. — ^A  properly 
planned  rotation  provides  for  alternation  of  crops  whose 
root  systems  occupy  different  portions  of  the  soit,  as,  for 
example,  deep  and  shallow.  The  plant-food  is  thus  taken 
from  different  portions  or  layers  of  soil,  with  more  or 
less  from  subsoil.  By  this  treatment  the  available  plant- 
food  in  any  one  layer  is  less  quickly  reduced  and,  there- 
fore, applications  of  fertilizers  are  called  for  in  smaller 
amounts  or  less  frequently.  In  some  soils  the  potassium 
and  calcium  are  more  largely  in  the  subsoil,  while  the 
nitrogen  and  phosphorus  are  mainly  in  the  upper  layer. 
To  illustrate  the  two  types,  wheat  crops  obtain  their 
supply  of  food  from  surface  soil,  while  clovers  go  deep 
for  more  or  less  of  their  food. 

Variation  in  demand  for  special  forms  of  plant-food— 
Some  crops  use  more  nitrogen  than  others,  some  more 
potassium,  etc.  The  continuous  growing  of  one  crop 
which  consumes  large  amounts  of  potassium  would 
sooner  or  later  tend  to  reduce  the  available  supply  in  re- 
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lation  to  phosphorus  and  nitrogen;  if  such  a  crop  were 
followed  by  one  requiring  less  potassium,  the  latter 
might  grow  satisfactorily  when  the  former  did  not.  This 
was  formerly  given  as  the  chief  reason  for  crop-rotation. 
While  it  may  be  valid  in  some  cases,  it"  is  not  now  re- 
garded as  of  great  fundamental  importance. 

Advantageous  use  of  preceding  crop  residues. — After 
a  crop  of  clover,  it  is  better  to  grow  wheat  and  then  oats 
rather  than  the  reverse,  because  the  ability  of  oats  to  ac- 
quire plant-food  is  more  vigorous  than  that  of  wheat. 
If  oats  were  grown  first,  wheat  might  be  at  a  disad- 
vantage unless  fresh  supplies  of  plant-food  were  fur- 
nished the  wheat.  Crop  residues  are  therefore  best  uti- 
lized by  a  judicious  arrangement  of  crops. 

Economical  supply  of  nitrogen. — The  value  of  nitro- 
gen-gathering crops  has  already  been  considered  (p. 
351).  In  a  four  or  five-year  rotation  s^'-stem,.  the  use 
of  a  leguminous  crop  will,  with  one  application  of  good 
farm  manure,  maintain  the  soil  nitrogen  practically  un- 
diminished under  ordinary  cropping  conditions.  Such  a 
system  reduces  to  a  minimum  the  purchase  of  commercial 
forms  of  nitrogen. 

Maintenance  of  organic  matter  in  soil. — When  hoed 
crops  or  grain  crops  are  continuously  grown,  the  organic 
matter  of  the  soil  gradually  becomes  less,  because  the 
crop  residues  are  insufficient  to  take  the  place  of  the 
organic  matter  that  has  undergone  complete  decomposi- 
tion. Loss  of  organic  matter,  if  not  replaced,  sooner  or 
later  unfavorably  aflfects  the  physical,  chemical  and 
biological  conditions  of  the  soil,  with  consequent  reduc- 
tion of  crop  yield.  The  use  of  green-crop  manures  and 
of  farm  manure  in  a  rotation  provides  means  for  main- 
taining an  abundant  supply  of  organic  matter. 

Good  physical  condition  of  soil. — Each  class  of  crops 
exercises  a  specific  action  upon  the  mechanical  condition 
of  soils.    Grass  crops  tend  to  make  a  soil  compact ;  grain 
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ALFALFA  AS  A  FERTIUZER  IN  CROP-ROTATION.     WYOMIKG 
STATION. 

1.  Wheat  from  land  used  for  rotation  without  leguminous  crop. 
2.  Wheat  from  alfalfa  land;  gain  per  acre  over  1 :  71S  lbs.  grain  and 
1,500  lbs.  straw,  3.  Oata  from  land  used  for  rotation  without 
leguminous  crop.     4.  Oats  from  alfalfa  land;  gain  per  acre  over 

3 : 1,201  lbs.  gram  and  3,500  lbs.  straw. 
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and  hoed  crops  tend  to  keep  the  soil  structure  in  open 
condition.  Proper  rotation  gradually  alternates  these 
conditions.  The  frequency  and  extent  of  compacting  and 
loosening  can  be  made  to  vary  with  the  character  of  the 
soil.  Sandy  soils  need  crops  that  compact,  while  clay 
soils  need  more  those  crops  that  will  lighten. 

Advantageous  use  of  farm  and  commercial  plant-foods. 
Proper  systems  of  crop-rotation  furnish  economical  re- 
sults when  farm  manure  is  applied  to  the  soil  once  at 
least  in  a  rotation  of  four  or  five  years.  As  previously 
suggested,  most  of  the  additional  nitrogen  needed  can  be 
supplied  by  leguminous  crops.  Little  commercial  nitro- 
gen will  be  required,  the  balance  of  crop-feeding  being 
mainly  with  potassium  and  phosphorus  compounds. 
When  commercial  plant-foods  are  used,  they  are  usually 
applied  to  best  advantage  on  the  shallow-rooted  crops 
known  as  so-called  weak  feeders. 

Occupation  of  soil  by  crops. — Crop-rotation  makes  it 
possible  to  keep  the  land  occupied  with  a  crop  of  some 
kind  most  of  the  time.  This  is  an  advantage  in  prevent- 
ing the  loss  of  plant-food  by  leaching.  Thus,  when 
grass  seed  is  put  in  with  a  grain  crop,  the  grass  crop  oc- 
cupies the  land  when  the  grain  crop  is  removed.  When 
corn  follows  grass,  the  land  is  kept  covered  by  the  grass 
until  plowed  for  corn.  Where  long  seasons  permit,  it 
is  possible  to  grow  in  rotation  more  than  one  crop  in  a 
year. 

Antidote  to  soil  poisons  injurious  to  crops/^Soils  on 
which  crops  are  grown  may  contain  substances  that  are 
poisonous  to  plants  (p.  128).  Whatever  the  source  of 
such  poisons,  whether  excretions  from  plant  roots  or 
products  of  decomposition  of  soil  organic  matter,  it  is 
held  that  change  of  crops  removes  these  poisons  or  in 
some  way  modifies  conditions  so  that  they  do  not  injure 
the  succeeding  crop  when  of  a  different  kind. 

Control  of  injuries  from  insects,  weeds  and  fungi.^ 
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Each  crop  appears  to  be  associated  with  certain  weeds 
that  grow  with  it ;  continuous  growing  of  the  same  crop 
favors  increase  of  the  weeds  characteristic  of  that  crop. 
By  changing  from  one  crop  to  another  very  different  in 
character,  as  for  example,  from  small  grains  to  a  culti- 
vated crop,  the  weeds  that  flourished  with  the  previous 
crop  are  often  killed  easily  by  cultivation.  In  a  similar 
manner,  rotation  frequently  is  a  great  aid  to  farmers  in 
preventing  or  lessening  destruction  caused  by  insects 
and  plant  diseases.  Diseases  and  insects  that  infest  one 
crop  cannot  flourish  when  a  crop  of  another  kind  takes 
the  place  of  the  first.  Where  one  crop  is  grown  continu- 
ously, the  propagation  of  insects  and  disease  germs  car- 
ries them  through  from  one  year  to  another.  If  crops  of 
other  kinds  occupy  the  soil  three  or  four  years,  these 
destructive  enemies  disappear  more  or  less  completely. 

Saving  of  labor. — The  saving  of  labor  by  crop-rotation 
IS  shown  in  various  ways.  For  example,  when  a  grain 
crop  is  seeded  to  grass,  the  two  crops  are  served  by  one 
operation  of  preparing  the  land.  Crop-rotation  means 
variety  of  crops  in  place  of  one  special  crop.  With  a 
variety  of  crops,  labor  is  more  uniformly  distributed 
through  the  season  instead  of  coming  all  at  the  same 
time. 

Systematizing  farming. — When  once  a  system  of  crop- 
rotation  is  established,  the  management  of  a  farm  is  much 
simplified.  It  is  simply  planning  years  ahead  for  each 
field  of  the  farm. 

EFFECT  OF  ROTATION  ON  CROP  YIELD 

Judicious  use  of  crop-rotation  invariably  proves  more 
profitable  than  the  one-crop  system.  One  of  the  best 
illustrations  known  is  the  experience  of  the  Rothamstead 
experiment  station  in  England,  where  they  have  con- 
tinuously carried  on  experiments  on  the  same  field  for 
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over  60  years.  While  it  has  been  possible  with  the  use 
of  fertilizers  to  grow  good  root  crops  without  rotation, 
grains  like  wheat  and  barley  are  benefited  by  rotation 
while  leguminous  crops  ran  out  completely  when  grown 
continuously  on  the  same  soil.  Wheat  on  the  one-crop 
system  gave  a  yield  of  about  12  bushels  an  acre,  while  in 
comparison  in  a  4-year  rotation  (turnips,  barley,  clover, 
wheat)  the  yield  was  over  28  bushels ;  similar  differences 
were  obtained  in  the  case  of  barley  grown  with  and 
without  rotation. 

GENERAL  PRINCIPLES  OF  CROP-ROTATION 

From  the  statements  already  made  regarding  the  bene* 
ficial  effects  that  may  be  realized  by  use  of  well-planned 
rotations,  we  can  derive  a  few  general  principles,  which 
may  be  regarded  as  embodying  the  essentials  of  a  typical 
rotation  for  conditions  of  general  farming.  Under  this 
head  we  will  consider  the  following  points:  (i)  Essen* 
tials  of  a  rotation  system,  (2)  conditions  affecting  rota- 
tion systems,  (3)  order  of  crops  in  rotation,  and  (4)  ex- 
amples of  successful  rotation  systems. 

Essentials  of  rotation  system. — In  planning  rotations 
under  usual  conditions,  four  general  classes  of  crops 
should  be  provided  for,  as  follows : 

( 1 )  One  crop  to  be  sold,  or  money  crop,  usually  removing 
considerable  amounts  of  plant-food. 

(2)  One  leguminous  crop  for  adding  nitrogen,  collecting 
subsoil  phosphorus  and  potassium  and  furnishing  organic 
matter. 

(3)  One  crop  for  feeding  farm  animals,  the  plant- food 
of  which  is  largely  restored  to  the  soil  in  manure. 

(4)  One  cultivated  or  hoed  crop  for  destroying  weeds 
and  improving  physical  condition. 

In  illustration  of  these  statements,  we  can  use  the 
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familiar  three-year  rotation  of  potatoes,  wheat  and  mixed 
clover  and  timothy.  Potatoes  and  wheat  furnish  two 
money  crops ;  potatoes,  the  cultivated  crop ;  wheat-straw 
and  hay,  two  feeding-crops;  clover,  the  crop  for  supply- 
ing nitrogen,  etc. 

Conditions  affecting  rotation  systems.^Obviously,  a 
system  of  rotation  must,  in  addition  to  other  require- 
ments, be  adapted  to  special  conditions,  which  vary 
greatly  and  among  which  we  mention  the  following: 

( 1 )  Climate  quite  definitely  prescribes  the  particular  kinds 
of  crops  that  can  be  selected  for  a  given  locality. 

(2)  SoiL — ^Attention  has  already  (p.  100)  been  called  to 
the  fact  that  certain  crops  give  better  results  on  particu- 
lar types  of  soil. 

(3)  Kind  of  farming. — The  crops  in  rotation  systems  will 
vary  according  to  whether  the  farming  is  general  or 
special  and  according  to  each  specialty.  Different  details 
are  demanded,  for  example,  by  dairying,  stock-raising, 
grain-raising,  cotton-growing,  fruit-growing,  etc. 

(4)  Commercial  conditions. — One  is  limited  also,  in  addi- 
tion, to  crops  that  can  be  sold  readily  and  at  profitable 
prices.  Accessibility  to  market,  involving  transportation 
facilities,  must  also  be  taken  into  consideration. 

(5)  Condition  of  soil  in  relation  to  weeds,  injurious 
insects  and  plant  diseases  must  be  considered. 

Order  of  crops  in  rotation  system. — No  strict  arrange- 
ment of  specific  crops  in  rotation  can  be  prescribed,  but 
the  facts  that  have  been  presented  already  furnish  some 
helpful  suggestions,  which  we  will  briefly  mention. 

(i)  Shallow-rooted  and  deep-rooted  crops  should  be 
alternated. 

(2)  Crops  which  furnish  organic  matter  should  be 
alternated  with  those  which  favor  its  rapid  decomposi- 
tion. 

(3)  There  should  be  in  -every  rotation  system  not  less 
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than  one  leguminous  crop  in  order  to  increase  the  supply 
of  plant-food  in  the  soil. 

(4)  Crops  in  rotation  should  vary  as  much  as  possible 
in  such  respects  as  the  amounts  and  kinds  of  plant-food 
requirements,  character  of  root  growth,  and  the  time  of 
year  during  which  they  cover  the  soil. 

(5)  In  connection  with  the  preceding  statements,  we 
may  add  here  that  whenever  commercial  plant-foods  are 
used,  they  should  be  applied  to  the  special  crop  that  will 
be  most  benefited  by  them,  usually  the  shallow-rooted, 
weak-feeding  crop,  such,  for  example,  as  wheat, 

EXAMPLES  OF  SUCCESSFUL  ROTATION 

SYSTEMS 

We  will  close  our  discussion  of  crop-rotation  by  giving 
examples  of  well-known  systems  in  extensive  use 

(i)  Three-year  rotation  in  potato-gromng:  {i)  Potatoes.. 
(2)  wheat  or  oats,  and  (3)  clover  and  timothy. 

(2)  Four-year  rotation  in  corn-grotving:  (i)  Com,  (2) 
corn,  (3)  oats  or  wheat,  (4)  clover  and  timothy. 

(3)  Five-year  rotation  for  general  farming:  (i)  Corn. 
(2)  oats,  (3)  wheat,  (4)  clover  and  timothy,  (5)  clover 
and  timothy. 

(4)  Seven  or  eight-year  rotation  where  alfalfa  is  grown: 
(i)  Alfalfa  for  4  years,  (2)  corn  2  years,  (3)  oats  or 
wheat  I  or  2  years. 

(5)  Three-year  rotation  in  cotton-growing:  (i)  Corn 
accompanied  by  cowpeas  planted  between  rows  or  sown 
broadcast  when  last  cultivated,  (2)  oats  followed  by  cow- 
peas  the  same  season,  (3)  cotton. 

(6)  Five-year  rotation  in  dairy-farming:  (i)  Com,  (2) 
corn,  (3)  oats  seeded  with  clover  and  timothy,  (4)  hay, 
(5)  pasture. 


PART  IV 

Practical  Use  of  Fertiuzers  in  the 
Growing  of  Individual  Crops 
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CHAPTER  XXVII 

SOME  PRELIMINARY  CONSIDERATIONS 

ABOUT  PRACTICAL  USE  OF 

FERTILIZERS 

The  preceding  chapters  have  been  intended  to  serve  as 
an  introduction  to  the  study  of  the  practical  use  of  fer- 
tilizers in  the  growing  of  individual  crops.  We  have  en- 
deavored to  consider  the  principal  facts  that  contribute 
to  a  more  intelligent  and  complete  understanding  of  the 
reasons  for,  and  methods  of,  using  fertilizers;  and  we 
have  tried  to  keep  in  mind  those  factors  that  control  the 
production  of  crops,  especially  those  conditions  affecting 
the  efficiency  of  plants  in  the  utilization  of  their  food. 
Before  entering  upon  the  last  phase  of  our  study,  the 
practical  application  of  the  facts  and  principles  that  have 
been  occupying  our  attention,  we  wish  to  review  briefly, 
for  the  purpose  of  additional  emphasis,  some  of  the  funda- 
mental conditions  underlying  the  successful  growing  of 
crops,  and  to  add  some  further  statements  upon  a  few 
points  of  practical  importance  which  have  not  been  given 
sufficient  attention.  The  ground  we  wish  to  cover  is 
suggested  by  the  following  topics: 

1.  Factors  aflfecting  the  efficiency. of  fertilizers. 

2.  Some  common  mistakes  about  fertilizers. 

3.  Small  and  large  applications  of  plant-food. 

4.  Relative  amounts  of  plant-food  constituents  in  fer- 
tilizers. 

5.  Limitations  of  usefulness  of  fertilizer  formulas. 

6.  Plant-food  formulas  for  crops. 

7.  Methods  and  times  of  applying  fertilizers. 

6U 


'Jlnmr  view:  Ho  fertilizing  material  added  to  soil;  yield,  S0.4 
bushels.  Lower  view:  Soil  supplied  with  lime,  with  nitrogen  *nd 
organic  matter  (in  a  leguminous  green-manure  crop),  with  phos- 
phorus and  potassium;  j'ieM,  64.1  bushels,    ILLINOIS  Siatio.^i. 
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FACTORS  AFFECTING  THE  EFFICIENCY  OF 

FERTILIZERS 

In  order  that  plants  may  make  efficient  use  of  plant- 
food  and  grow  well,  the  following  conditions  are  funda- 
mentally essential : 

(i)  Good  seed. 

(2)  Sunshine  (light  and  warmth). 

(3)  Adaptation  of  crops  to  special  conditions  of  soil 
and  climate. 

(4)  Sufficient  rainfall,  properly  distributed. 

(5)  Suitable  physical  structure  of  soil,  making  condi- 
tions favorable  for  the  growth  of  plant-roots  in  respect  to 
(a)  mellowness  and  firmness,  (b)  receiving,  distributing, 
holding  and  giving  up  water,  (c)  circulation  of  air,  (d) 
absorbing  and  holding  heat. 

(6)  Presence  of  beneficial  micro-organisms  in  soil  and 
conditions  favorable  to  their  growth. 

(7)  Absence  of  substances  poisonous  to  plants,  espe- 
cially acid  compounds. 

(8)  Abundance  of  available  plant-food  within  reach  of 
growing  roots. 

Most  of  these  conditions  are  under  control,  and  the 
most  effective  and  economical  means  of  control  are,  in 
brief,  the  following : 

(a)  Seed  selection  with  reference  to  variety,  vigor  or 
vitality,  purity  or  freedom  from  presence  of  other  seeds, 
and  freedom  from  disease. 

(b)  Adaptation  of  crops  to  soil  and  climate  is  com- 
monly well  understood  for  standard  crops,  as  the  result 
of  observation  and  experience. 

(c)  Where  irrigation  Is  practicable,  moisture  supply 
is  under  control. 

(d)  The  physical  structure  of  the  soil  is  controlled,  ac- 
cording to  special  conditions,  by  (i)  under-drainage,  (p. 
156),  (2)  thorough  tillage  of  proper  character  and  at  suit- 
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able  times  (p.  153),  (3)  proper  rotation  of  crops  (pp.  498- 
507),  (4)  periodical  incorporation  of  organic  matter  (pp. 
348-362),  (s)  maintaining  supply  of  calcium  carbonate  in 

soil  (p.  379). 

(e)  The  presence  in  soils  of  beneficial  micro-organisms 
(nitrifying,  ammonifying,  nitrogen-gathering)  is^  se- 
cured when  necessary  by  means  of  inoculation  through 
treatment  with  farm  manure,  use  of  soil,  or  special  prep- 
arations, according  to  special  circumstances  (pp.  223-230). 
Conditions  favorable  to  maintaining  desirable  organisms 
in  soils  (pp.  198-220)  are  provided  by  keeping  the  physical 
structure  in  good  condition  in  the  manner  stated  in  the 
preceding  paragraph. 

Assuming  that  the  conditions  preceding  are  satisfac- 
tory, crops  are  able  to  make  efficient  use  of  plant-food 
that  is  within  reach.  Unfavorable  conditions  in  any  one 
respect  may  make  a  crop  unable  to  utilize  the  plant-food 
that  lies  immediately  at  hand  ready  for  use.  Practically, 
all  other  conditions  are  preliminary  and,  in  a  sense  sub- 
ordinate, to  the  one  final  purpose  of  enabling  the  plant  to 
obtain  and  use  its  food.  When  climate  and  the  physical 
conditions  of  soil  are  suitable  for  crop  growth,  the 
primary  problem  of  crop  production  is  crop-feeding.  Suffi- 
cient supply  of  available  plant-food  to  meet  crop  demands 
is  maintained  most  effectively  as  follows :  (i)  By  the  most 
careful  saving,  management  and  use  of  all  excrements  of 
farm  animals,  both  liquid  and  solid,  as  well  as  of  all  forms 
of  organic  farm  refuse  (pp.  288-347)  ;  (2)  by  desirable 
rotation  of  crops  (pp.  498-507)  ;  (3)  by  the  use  of  legu- 
minous crops  or  crop  residues  as  green-manure  to  add 
nitrogen  and  organic  matter  to  the  soil  as  well  as  change 
insoluble  plant-food  materials  <!nto  available  form  (pp. 
348-362)  ;  (4)  by  maintaining  in  the  soil  a  sufficient  sup- 
ply of  calcium  carbonate  (pp.  379-389)  ;  (5)  by  the  use  of 
purchased  plant-food  materials  in  such  amounts  and 
forms  as  to  supplement  most  economically  the  local  needs 
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of  the  soil  in  relation  to  crop-feeding  under  the  system  of 
farm  management  in  practice. 

SOME  COMMON  MISTAKES  ABOUT 

FERTILIZERS 

There  are  among  farmers  many  erroneous  ideas  in  re- 
gard to  plant-food  and  the  use  of  fertilizers.  It  is  not 
our  purpose  to  take  these  up  for  any  full  treatment,  but 
simply  to  call  attention  to  a  few  typical  cases  with  which 
the  writer  has  been  impressed  in  his  contact  with  farmers. 
These  beliefs  come  usually  from  a  wrong  interpretation 
of  fa^ts  of  observation  and  experience.  The  special 
points  to  be  considered  are  the  following:  (i)  Plant- 
foods  and  stimulaifts,  (2)  soils  of  excessive  richness,  (3) 
acid  phosphate  and  "souring"  of  soils,  (4)  relation  of  fer- 
tilizers and  tillage,  (5)  use  of  too  small  amounts  of  fer- 
tilizers, (6)  mistakes  about  the  action  of  some  calcium 
compounds,  (7)  soil  inoculation  and  fertilizers. 

Plant-foods  and  stimulants. — Commercial  fertilizers, 
whether  complete  or  in  the  form  of  unmixed  materials, 
are  often  regarded  as  stimulants,  injuring  the  physical 
qualities  of  the  soil  as  well  as  leading  to  more  rapid  ex- 
haustion of  plant-focd.  This  belief  is  bs^sed  upon  the  ob- 
servation that  in  many  cases  where  farmers  have  relied 
blindly  upon  the  exclusive  use  of  commercial  fertilizers, 
they  have  been  compelled  to  use  increasingly  larger 
amounts  to  maintain  crop  production,  and  even  then  have 
failed  after  a  time  to  keep  up  crop  yields,  the  soil  becom- 
ing compact  and  more  difficult  to  keep  mellow  and 
porous,  suffering  severely  in  times  of  drouth  and  mani- 
festing other  undesirable  properties ;  often  such  soils  will 
refuse  longer  to  grow  clover.  The  decreasing  crop  yield 
is  often  explained  as  being  caused  by  exhaustion  of  the 
plant-food  of  the  soil  through  overstimulation  due  to  the 
use  of  commercial  fertilizers.    In  most  cases,  the  true  ex- 
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planation  is  found  in  the  failure  to  keep  the  soil  well 
supplied  with  organic  matter,  whether  owing  to  lack  of 
proper  rotation,  or  insufficient  supply  of  farm  manure.  In 
many  cases,  the  lack  of  organic  matter  is  also  accompa- 
nied by  decrease  of  calcium  carbonate,  resulting  in  soil 
acidity.  Under  such  circumstances,  the  application  of 
increasing  amounts  of  nitrogen,  phosphorus  and  potas- 
sium compounds  is  worse  than  useless,  since  the  crop 
cannot  satisfactorily  use  the  food  offered  and  the  soil 
condition  is  simply  aggravated.  It  must  be  kept  in  mind 
that  commercial  fertilizers  furnish  either  no  organic  mat- 
ter or  only  amounts  so  insignificant  as  to  be  of  no  use  in 
influencing  the  physical  condition  of  the  soil. 

In  support  of  the  belief  that  commercial  fertilizers  are 
simply  soil  stimulants  and  not  plant^food  at  all,  it  has 
been  argued  that  farm  manure  is  the  only  material  con- 
taining real  plant-food,  as  shown  by  the  results  of  its 
use.  It  is  obvious  that  the  essential  difference  is  in 
respect  to  organic  matter,  which  is  furnished  so  abun- 
dantly by  farm  manure  and  the  beneficial  effect  of  which 
upon  soils  has  been  frequently  emphasized  in  preceding 
pages. 

Commercial  fertilizing  materials  are  not  mere  stimu- 
lants, but  contain  genuine  plant-food  constituents  which 
will  promptly  manifest  their  beneficial  action  when  given 
a  fair  chance.  The  writer's  conception  of  a  real  soil 
stimulant  is  a  substance  which,  while  furnishing  no 
plant-food,  makes  insoluble  plant-food  constituents  in 
the  soil  available;  while  it  appears  to  be  furnishing  plant- 
food,  as  evidenced  by  increased  growth  of  crops  follow- 
ing its  application,  it  is  simply  promoting  the  using  up 
of  real  plant-food.  Gypsum  or  land-plaster  is  a  typical 
soil  stimulant  or,  at  least,  was  extensively  so  used  once ; 
when  it  is  applied  under  certain  conditions  (p.  374)  it 
promotes  crop  growth,  without  itself  furnishing  any  ap- 
preciable part  of  the  plant  substance.     The  continuous 


CONSIDERATIONS  ABOUT  USE  OF  FERTILIZERS  517 

application  of  a  soil  stimulant  sooner  or  later  fails  to  pro- 
duce satisfactory  results,  no  matter  how  favorable  gen- 
eral conditions  for  crop  growth  are. 

Sodium  nitrate  is  often  regarded  as  a  stimulant  in  the 
sense  that  its  use  calls  for  increased  amounts  of  phos- 
phorus and  potassium  (p.  67).  While  increase  in  nitrog- 
enous plant-food  usually  stimulates  increased  vegeta- 
tive activity,  which  calls  for  increased  use  of  phosphorus 
and  potassium,  the  nitrogen  itself  takes  part  in  the  growth 
and  is  the  immediate  agent  of  activity.  Of  course,  pro- 
longed use  of  sodium  nitrate  or  other  nitrogenous  plant- 
food  without  providing  any  available  phosphorus  or 
potassium  will  sooner  or  later  reduce  the  soil  supply  of 
one  or  both  of  the  latter  constituents  to  a  point  where 
the  crop  demands  may  notbe  adequately  met.  The  long- 
continued  and  exclusive  use  of  fresh  farm  manure  may 
bring  about  a  similar  condition. 

Soils  of  excessive  richness. — It  is  common  in  agricul- 
tural literature  to  find  soils,  on  which  the  growth  of  stems 
and  leaves  is  excessive,  described  as  very  rich,  or  as  too 
rich  for  certain  crops.  The  statement  is  often  made  that 
the  use  of  large  amounts  of  farm  manure  will  make  a  soil 
over  rich  for  some  crops.  To  many,  if  not  most,  minds, 
this  use  of  the  word  richness,  applied  to  soils,  means  too 
much  plant-food,  whereas  the  condition  is  simply  one  of 
too  much  nitrogen  in  relation  to  available  phosphorus  and 
potassium,  or  stated  in  another  *way,  the  soil  is  not  rich 
enough  in  available  phosphorus  and  potassium  for  the 
amount  of  available  nitrogen  present.  Therefore,  a  soil 
that  is  popularly  known  as  too  rich  is  one  that  is  too  rich 
simply  in  nitrogen  as  compared  with  phosphorus  and 
potassium.  When  fresh  farm  manure  is  applied  to  a  soil 
in  large  amounts,  the  urinary  nitrogen  rapidly  changes, 
first  into  ammonia,  and  then  into  nitrate  nitrogen,  while 
the  phosphorus,  contained  mostly  in  the  insoluble  solid 
excrement,  becomes  available  much  more  slowly  than  the 
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nitrogen ;  under  these  conditions,  if  the  soil  does  not  con- 
tain enough  available  phosphorus  to  balance  the  large 
supply  of  nitrogen,  we  get  the  rapid,  rank  growth  of  leaves 
and  stems,  so  characteristic  of  heavy  feeding  with  nitro- 
gen. Owing  to  the  association  of  nitrogen  and  organic 
matter,  especially  in  farm  manure,  it  is  common  to  speak 
of  a  soil  containing  large  amounts  of  well-decomposed 
organic  matter  as  being  rich. 

Acid  phosphate  and  "souring**  of  soils. — It  is  generally 
believed  that  the  use  of  acid  phosphate  tends  to  make 
soils  acid,  on  the  ground  that  soluble  calcium  phosphate 
is  an  acid  salt  and  also  that,  when  carelessly  made,  it 
may  contain  a  small  amount  of  free  sulphuric  acid.  It 
must  be  remembered,  however,  that  acid  phosphate  and 
other  superphosphates  contain  considerable  amounts  of 
gypsum  (hydrated  calcium  sulphate)  and  that  this  tends 
to  undergo  changes  in  the  soil  which  set  free  sulphuric 
acid  and  this  in  time  may  accumulate  in  sufficient 
amounts  to  make  a  soil  acid  unless  there  is  some  basic 
compound  to  neutralize  it,  such  as  calcium  or  magne- 
sium carbonate.  We  do  not  know  of  any  experimental 
evidence  showing  that  pure  soluble  or  acid  calcium  phos- 
phate tends  by  itself  to  make  a  soil  acid.  The  acid  por- 
tion of  the  compound  (PO4)  is  sooner  or  later  removed 
from  the  soil  by  growing  plants. 

Where  acid  phosphate  has  been  used  in  considerable 
amounts  the  complainf  is  often  heard  that  it  "uses  up," 
"burns  out,"  "exhausts"  the  soil,  as  apparently  evidenced 
by  decreased  crop  yield.  This  is  usually  due  to  one  or 
both  of  two  causes:  (i)  To  soil  acidity,  (2)  to  insuffi- 
cient organic  matter,  conditions  easily  corrected,  not  by 
discontinuing  the  use  of  acid  phosphate,  but  by  applying 
calcium  carbonate  or  organic  matter  or  both.  It  is 
known  that  on  distinctly  acid  soils,  the  amount  of  avail- 
able phosphorus  is  small,  while  the  proportion  of  very 
insoluble  iron  and  aluminum  phosphate  is  unusually  high. 
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Rdation  of  fertilizers  and  tillage. — Whether  uncon- 
sciously or  not,  some  farmers  believe  that  crops,  when 
heavily  fertilized,  do  not  require  the  amount  of  tillage, 
either  in  preparation  of  soil  or  in  subsequent  care, 
that  unfertilized  crops  do.  This  is  a  serious  error,  as  can 
be  readily  appreciated,  when  one  stops  to  consider  that 
the  extent  to  which  a  crop  utilized  plant-food  depends 
upon  the  ease  with  which  the  young  growing  roots  can 
extend  themselves  through  the  soil,  and  this  depends  in 
turn  upon  the  mellowness  of  the  soil,  which  again  de- 
pends upon  tillage.  In  general,  the  rule  should  be  that 
the  larger  the  amount  of  fertilizer  applied,  the  more  thor- 
ough should  be  the  tillage. 

Use  of  too  small  amounts  of  fertilizers. — The  general 
tendency  among  not  a  few  farmers  is  to  use  fertilizers, 
if  they  use  them  at  all,  in  too  small  amounts.  It  is  not 
often  that  farmers  make  any  kind  of  a  test  to  learn  what 
amounts  of  fertilizers  they  can  use  most  economically, 
and  so  they  may  be  using  amounts  too  small  to  be  of  any 
value  without  being  aware  of  it.  It  may  be  safely  said 
that  it  is,  in  general,  useless  to  apply  per  acre  less  than 
5  pounds  of  nitrogen,  15  pounds  of  phosphoric  acid  (6.6 
phosphorus)  and  10  pounds  of  potash  .  (8.3  potas- 
sium) ;  these  amounts  are  contained  in  about  35  pounds 
of  sodium  nitrate,  no  pounds  of  acid  phosphate  and  20 
pounds  of  potassium  chloride. 

Mistakes  about  the  action  of  some  calcium  compounds. 
There  are  two  common  misconceptions  in  relation  to  the 
use  of  calcium  compounds  in  soils.  The  writer  is  often 
asked  about  the  advisability  of  using  gypsum  or  land- 
plaster  (hydrated  calcium  sulphate)  to  neutralize  soil 
acidity.  This  material  not  only  has  no  power  to  neutral- 
ize soil  acidity,  but,  if  applied  to  an  acid  soil,  is  likely  to 
increase  acidity.  The  use  of  commercial  gypsum  directly 
on  soils  is  emphatically  not  advised;  if  used  at  all,  it 
should  be  in  connection  with  manure  in  stables  (p.  317). 
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Much  has  been  written  about  the  injurious  effect  of 
the  application  of  "caustic"  lime  to  soils,  especially  in 
connection  with  the  destruction  of  soil  organic  matter. 
The  common  explanation  is  that  whatever  change  occurs 
is  due  to  the  direct  chemical  or  "caustic"  action  of  the 
lime  itself  upon  the  organic  matter.  While  the  caustic 
effect  of  quicklime  (calcium  oxide)  is  well  known,  espe- 
cially during  the  process  of  slaking  when  high  tempera- 
ture develops,  we  must  keep  in  mind  that  the  quick- 
lime is  usually  completely  slaked  before  it  is  applied  to 
the  soil;  and  it  is  slaked  lime  (calcium  hj'droxide),  not 
quicklime  (calcium  oxide)  with  which  we  have  to  do 
commonly.  We  must  bear  in  mind  further  the  following 
facts:  (i)  That  one  pound  of  slaked  lime  reiquires  about 
lOO  gallons  of  water  to  dissolve  it,  forming  the  solution 
known  as  "lime-water";  (2)  that  only  a  comparatively 
small  amount  of  slaked  lime  is  in  solution  in  the  soil  even 
when  a  ton  is  applied;  (3)  that  it  is  rapidly  converted 
into  carbonate ;  (4)  that  the  "caustic"  action  of  lime-water 
is  very  slight,  as  evidenced  by  the  fact  that  it  is  often 
given  to  babies  in  milk  in  a  concentration  probably 
greater  than  that  found  in  a  freshly  limed  soil. 

That  the  application  of  slaked  lime  to  soils  tends  to 
lessen  the  amount  of  organic  matter  more  rapidly  than  in 
case  of  unlimed  soils  is  not  satisfactorily  explained  by 
the  direct  caustic  action  of  slaked  lime.  Such  a  result 
is  undoubtedly  due  rather  to  the  increased  activity  of  the 
soil  micro-organisms  that  decompose  organic  matter,  the 
conditions  of  their  activity  being  made  more  favorable  by 
the  presence  of  the  dilute  calcium  hydroxide  Solution. 
The  greater  effect  on  decomposition  of  organic  matter  in 
case  of  slaked  lime  as  compared  with  calcium  carbonate 
is  probably  due  to  the  greater  solubility  of  the  slaked 
lime. 

Soil  inoculation  and  fertilizers. — Owing  to  the  exploi- 
tation of  soil  inoculation  (p.  223)   in  popular  magazines 
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by  writers  of  imaginative  rather  than  scientific  training, 
much  misconception  has  prevailed  in  regard  to  the  limi- 
tations of  the  results  of  soil  inoculation.  Not  a  few  have 
been  led  to  believe  that  soil  inoculation  can  take  the  place 
of  a  complete  fertilizer  and  can  furnish  to  the  soil  all  the 
plant-food  a  crop  needs.  Soil  inoculation  is  useful  only 
at  the  present  time  in  certain  cases  in  getting  leguminous 
crops  well  started  and  in  no  case  is  it  associated  with 
adding  any  form  of  plant-food  to  the  soil  except  nitrogen. 

SMALL  AND  LARGE  APPLICATIONS  OF 

PLANT-FOODS 

We  find  that  in  practice  farmers  use  fertilizers  in 
amounts  varying  all  the  way  from  lOO  to  3000  pounds, 
or  even  more,  per  acre.  While  the  usual  purpose  in  us- 
ing fertilizers  is  to  supplement  the  soil's  supply  of  plant- 
food,  there  are  two  points  of  view  in  mind,  (i)  helping 
crops  to  start,  and  (2)  helping  them  throughout  their 
entire  period  of  growth. 

Fertilizers  to  start  crops. — It  is  a  well-known  fact  that 
amounts  of  plant-food  materials  as  small  as  100  pounds 
an  acre  often  have  a  marked  effect  upon  crops  in  their 
first  stages  of  growth.  The  explanation  most  commonly 
accepted  is  that  the  available  plant-food  supply,  espe- 
cially of  nitrate  nitrogen,  is  at  its  lowest  on  cropped 
soils  early  in  spring  in  tenfiperate  climates,  and  that  the 
plant-food  present  may  be  insufficient  to  give  the  new 
crop  what  it  needs  for  a  quick  start;  therefore,  to  help 
the  young  crop  until  the  soil  can  furnish  new  supplies 
of  available  plant-food,  a  small  amount  of  quickly  avail- 
able plant-food  is  applied.  In  addition,  it  must  be  kept 
in  mind  that  the  roots  of  young  plants  have  a  very  lim- 
ited reach  and  that  also  they  best  utilize  the  most  soluble 
forms  of  plant-food.  Therefore,  the  application  of  com- 
paratively small  amounts  of  easily  soluble  plant-food 
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materials  at  this  time,  just  where  the  young  rootlets  can 
quickly  reach  it,  furnishes  nutrition  when  most  needed. 
The  oat  crop  furnishes  an  illustration  believed  to  be  in 
support  of  the  foregoing  explanation.  Soon  after  the 
period  of  germination,  there  is  usually  a  space  of  a  week 
or  ten  days  when  the  growth  is  at  an  apparent  standstill, 
known  to  farmers  as  the  "pouting"  time.  Generous  ap- 
plication of  nitrate  nitrogen  and  soluble  phosphorus 
usually  shortens  or  prevents  this  behavior,  which  suggests 
the  absence  of  soluble  plant-food  within  reach  of  the 
young  plant  rootlets.  After  the  range  of  feeding-roots 
has  been  considerably  extended  and  the  various  agencies 
in  the  soil  have  begun  actively  to  furnish  available  plant- 
food,  the  soil's  supply  is  expected  to  meet  the  crop  de- 
mands during  the  remainder  of  the  season. 

The  foregoing  explanation  of  the  markedly  beneficial 
effects  following  the  application  of  very  small  amounts 
of  available  plant-foods  is  rejected  by  some  on  the  ground 
that  the  amount  of  nutritive  material  thus  furnished  is 
altogether  too  small  to  have  any  effect  in  the  direct  nutri- 
tion of  a  crop.  Two  other  explanations  are  offered. 
According  to  one,  the  fertilizer  applied  simply  renders 
harmless  the  poisonous  substances  left  in  the  soil  by  the 
preceding  crop  and,  after  the  destruction  of  these  plant 
toxins  or  poisons,  the  young  plants  of  a  new  crop  have  a 
better  chance  to  grow.  While  this  may  be  a  partial  ex- 
planation in  some  cases,  it  is  not  yet  generally  accepted  as 
proved;  it  is,  however,  an  interesting,  suggestive  and 
promising  line  of  investigation.  Thus,  in  laboratory 
experiments,  the  use  of  nitrate  prevents  the  injurious 
effects  of  certain  soil  toxins  on  plants ;  the  application  of 
phosphates  neutralizes  certain  other  soil  toxins,  while 
potassium  compounds  overcome  the  effects  of  still  others. 
The  second  explanation  offered  by  those  who  deny  that 
small  applications  of  plant-foods  have  value  as  direct 
plant-nutrients  is  that  the  materials  applied  effect  physi- 
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cal  and  chemical  changes  in  the  soil  which  result  in  mak- 
ing conditions  favorable  other  than  those  relating  to 
direct  nutrition.  Whatever  may  be  the  real  explanation, 
the  fact  of  the  effect  of  fertilizers  in  small  amounts  upon 
young  plants  in  early  spring  is  familiar  in  farm  practice. 
Fertilizers  to  help  crops  continuously. — In  some  cases, 
farmers  apply  as  much  available  plant-foods  as  a  large 
crop  will  use,  or  even  in  considerable  excess  of  this,  in 
order  to  make  sure  of  enough,  practically  ignoring  the 
supply  contained  in  the  soil.  For  example,  the  writer 
knows  of  instances  where  potato-growers  apply  per  acre 
in  available  forms  60  pounds  of  nitrogen,  120  pounds  of 
phosphoric  acid  (53  phosphorus)  and  150  of  potash  (125 
potassium),  when  the  crop  uses  only  about  50  pounds 
of  nitrogen,  20  of  phosphoric  acid  (9  phosphorus)  and  70 
of  potash  (58  potassium).  Other  potato-growers  apply 
such  amounts  of  fertilizer  as  they  think  will  supplement 
the  supply  furnished  by  the  soil  during  the  growing  sea- 
son, under  the  conditions  of  their  soil,  crop-rotation,  etc., 
basing  their  judgment  upon  previous  observation  and  ex- 
perience. In  the  case  of  market-garden  and  greenhouse 
crops,  it  is  the  custom  practically  to  ignore  the  soil's 
plant-food  supply  and  apply  commercial  plant-foods  in 
amounts  large  enough  to  insure  not  only  large  crops, 
but  often  also  to  hasten  the  maturity  in  order  to  get  the 
advantage  of  high  prices  early  in  the  season.  This  sys- 
tem, however,  is  not  profitable  in  the  case  of  ordinary 
farm  crops. 

RELATIVE  AMOUNTS  OF  PLANT-FOOD 
CONSTITUENTS  IN  FERTILIZERS 

In  commercial  fertilizers,  we  find  the  relative  propor- 
tions of  nitrogen,  phosphorus  and  potassium  varying, 
different  formulas  being  prescribed  for  different  crops. 
It  may  be  a  matter  of  interest  to  know  what  have  be6n 
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some  of  the  methods  of  procedure  in  determining  or  try- 
ing to  determine  the  proportions  of  nitrogen,  phosphorus 
and  potassium  in  making  fertilizers  for  different  crops 
and  what  the  real  significance  of  such  variations  is.  We 
have  already  (p.  408)  discussed  the  attempt  to  measure 
the  plant-food  needs  of  a  soil  by  means  of  chemical  anal- 
ysis and  have  seen  that,  while  it  will  furnish  helpful 
suggestions,  it  has  not  been  found  a  satisfactory  or  prac- 
tical basis  when  used  alone  without  reference  to  various 
other  conditions.  Another  proposition,  which  is  still  in- 
fluential, was  to  make  the  application  of  fertilizers  cor- 
respond to  the  chemical  composition  of  the  plant  (p. 
422).  Much  emphasis  has  been  placed  by  some  upon  the 
two  phrases,  "feeding  the  soil"  and  "feeding  the  crop/* 
meaning  the  use  of  fertilizers  on  the  basis  of  soil  analysis 
and  of  plant  analysis.  Some  fertilizer  manufacturers 
claim  that  their  formulas  are  based  upon  feeding  the 
plant  and  not  the  soil.  A  knowledge  of  the  amounts  of 
nitrogen,  phosphorus  and  potassium  used  by  different 
crops  is  exceedingly  desirable  and  useful  and  necessary 
in  studying  the  plant-food  needs  of  crops,  but,  for  reasons 
already  pointed  out,  this  knowledge  is  insufficient  to  serve 
by  itself  as  a  basis  for  enabling  us  to  determine  the  relative 
amounts  of  different  plant-food  constituents  to  use. 

The  present  use  of  plant-food  materials,  in  relation  to 
the  amounts  applied,  is  based,  (i)  in  part,  upon  the 
amounts  of  plant-food  removed  by  crops,  (2)  in  part, 
upon  the  character  of  soil,  and,  (3)  in  larger  measure, 
upon  laboratory  investigations  and  actual  field  tests  first 
carried  out  by  our  agricultural  experiment  stations  and 
then  applied  in  successful  farm  practice  by  progressive 
farmers. 

If  we  compare  the  proportions  of  nitrogen,  phosphorus 
and  potassium  in  most  fertilizers  with  the  proportions  of 
these  constituents  as  found  in  crops  to  which  the  ferti- 


CONSIDERATIONS  ABOUT  USE  OF  FERTILIZERS     .      $2$ 

Hzers  are  applied,  we  notice  that  the  nitrogen  is  usually 
much  less,  the  phosphorus  very  much  more,  than  the 
proportions  called  for  by  the  composition  of  the  crops. 
For  example,  phosphorus  is  used  by  crops  in  smaller 
amounts  than  either  nitrogen  or  potassium  and  yet,  in 
nearly  all  fertilizer  formulas,  we  find  that  phosphorus 
is  generally  in  considerable  excess  of  the  other  two  con- 
stituents. In  departing  from  the  proportions  of  constitu- 
ents found  in  plants,  certain  facts  are  taken  into  con- 
sideration, among  which  we  mention  the  following:  (i) 
A  smaller  amount  of  nitrogen  is  applied  in  fertilizers 
than  the  crop  uses,  on  the  assumption  that  the  soil  will 
furnish  considerable,  especially  as  the  growing  season 
advances  and  conditions  become  favorable  to  decomposi- 
tion and  nitrification  processes.  This  assumption,  to  be 
safe,  should  be  based  upon  actual  knowledge  as  to  pre- 
vious soil  behavior  and  treatment.  The  use  of  farm 
manure  and  leguminous  green-manure,  for  example, 
jusfifies  the  assumption.  Generally  speaking,  clay  soils 
contain  more  nitrogen  than  sandy  soils,  while  muck  or 
peaty  soils,  though  rich  in  nitrogen,  do  not  furnish  any 
appreciable  amount  of  quickly  available  nitrogen  until 
they  have  been  tilled  and,  in  many  cases,  limed.  Soils 
lacking  in  organic  matter  usually  need  nitrogen.  (2) 
The  amount  of  phosphorus  in  a  fertilizer  is  usually  in- 
creased much  above  the  proportion  called  for  by  plants, 
especially  in  the  case  of  cereals,  for  the  reason  that 
most  soils  contain  phosphorus  in  relatively  small  amounts 
and  much  of  it  generally  in  forms  not  quickly  available 
except  as  the  result  of  treatment  with  organic  matter, 
lime,  etc.  The  fact  that  a  soluble  phosphate  reverts  in 
most  soils  before  it  is  used  by  crops  probably  has  had 
something  to  do  with  this  use  of  relatively  large 
amounts  of  phosphorus.  (3)  The  proportions  of  potas- 
sium are  made  to  vary  with  the  character  of  the  crop  as 
well  as  with  the  character  of  the  soil.     On  most  clay 
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soils,  when  kept  well  supplied  with  calcium  carbonate 
and  organic  matter,  or  when  treated  generously  with 
sodium  nitrate,  little  potassium  need  be  used  in  ferti- 
lizers. Larger  amounts  are  called  for  by  leafy  crops,  root 
crops  and  some  others  than  by  cereals.  Light,  sandy 
soils  are  often  deficient  in  available  potassium,  while 
muck  soils  are  generally  found  to  respond  most  favorably 
to  generous  applications. 

From  the  preceding  discussion,  it  can  be  readily  ap- 
preciated that  the  making  of  a  useful  fertilizer  formula 
is  a  matter  of  no  small  complexity  and,  in  no  case,  can 
a  mixture  be  made  that  will  be  found  equally  useful 
on  different  farms  even  for  the  same  crop. 

LIMITATIONS  OF  USEFULNESS  OF  FERTI- 

LIZER  FORMULAS 

When  we  come  to  specifying  definite  formulas  or 
definite  amounts  of  plant-food  materials  for  particular 
crops,  we  want  to  make  it  clearly  understood  now,  if  we 
have  not  succeeded  in  doing  so  before  (p.  406),  that  no 
specific  formulas  or  amounts  of  plant-foods  can  be  pre- 
scribed for  any  crop  under  all  conditions  nor  for  every 
crop  on  a  given  soil.  The  question  of  quantities  and 
proportions  of  plant-foods  to  be  used  must  always,  in  the 
very  nature  of  the  case,  remain  more  or  less  a  matter  of 
individual  experience  and  observation.  Moreover,  it 
must  be  remembered  that  one's  practice  cannot  remain 
continuously  the  same.  The  soil  of  each  field  is  under- 
going constant  change  in  the  extent  and  character  of  its 
needs.  For  example,  the  fact  that  the  application  of  acid 
phosphate  gives  large  crop  yields  for  one  year  does  not 
mean  that  this  treatment  will  continue  to  give  the  same 
results  indefinitely.  Sooner  or  later,  and  generally 
sooner,  crop  yields  will  drop,  unless  attention  is  given  to 
the  supply  of  nitrogen  or  potassium  or  calcium^  or 
organic  matter,  or  all  of  thes$. 
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The  chief  use  of  a  fertilizer  formula  is  as  a  suggestion 
or  starting-point.  Beginning  with  a  suggested  formula, 
the  progressive  farmer  will  constantly  study  results  and 
let  the  experience  of  one  year  suggest  to  him  his  plan  for 
the  year  following.  It  is  unwise  to  be  permanently  at- 
tached to  any  one  combination  of  plant-foods,  unless  one 
has  proved  by  long-continued  experiment  that  it  gives 
the  best  possible  results  under  the  conditions  prevailing 
on  the  individual  farm  or  field  for  particular  crops.  In 
making  variations  in  the  amounts  and  forms  of  plant- 
foods  to  be  used,  home-mixing  becomes  essential.  The 
disadvantage  of  being  wedded  to  a^  single  mixture  of 
plant-foods  is  well  illustrated  in  the  case  of  a  certain  com- 
munity engaged  in  raising  market-garden  crops.  The  farmers 
had  all  come  to  use  one  kind  of  plant-food  mixture,  un- 
til carefully  conducted  experiments  proved  that  they 
were  using  twice  as  much  potassium  as  they  needed  and 
in  many  cases  were  applying  the  mixture  in  amounts 
twice  as  large  as  was  consistent  with  the  best  profit. 

Every  fertilizer  formula,  from  whatever  source  it  ema- 
nates, should  be  regarded  by  the  individual  farmer  as  an 
experiment  or,  perhaps,  rather  as  the  beginning  of  a  se- 
ries of  experiments,  which  will  sooner  or  later  lead  him 
to  make  the  most  economical  use  of  plant-food  materials 
that  his  conditions  will  permit. 

The  ideal  system,  all  things  considered,  is  that  com- 
monly followed  by  the  most  progressive  German  farmers, 
who  do  not  apply  plant-foods  by  formulas  of  mixtures 
but  as  separate  materials.  In  their  system  of  farming, 
they  apply  nitrogen,  phosphorus  and  potassium  sepa- 
rately, usually  in  different  seasons,  in  accordance  with 
the  results  of  their  observation  and  experience.  The 
successful  application  of  such  a  system  demands  a  close 
study,  not  only  of  crops,  but  of  the  science  of  plant- 
feeding;  it  has  the  advantage  of  enabling  the  farmer  to 
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make  the  most  economical  use  of  all  plant-food  materials 
in  crop-growing. 

PLANT-FOOD  FORMULAS  FOR  DIFFERENT 

CROPS 

The  number  of  fertilizer  mixtures  containing  nitrogen, 
phosphorus  and  potassium  compounds,  offered  for  sale 
to  the  farmers  of  the  United  States,  is  very  large,  aggre- 
gating many  thousands.  While  these  mixtures  differ 
much  in  general  composition,  it  is  found  that  a  com- 
paratively few  formulas  include  a  large  percentage.  It 
is  probably  true  that  the  real  interests  of  farmers  would 
be  better  served,  if  there  were  not  more  than  six  different 
mixtures  for  general  farm  use,  with  a  few  special  modifi- 
cations to  meet  particular  conditions.  In  harmony  with 
this  statement,  the  writer  suggests  the  following  for- 
mulas, which,  modified  to  meet  special  conditions,  will 
be  made  the  basis  of  practice  in  the  subsequent  chapters 
of  this  book. 

Table    53 — Percentage    Composition    of    Plant-F<x)d 

Formulas  for  General  Use 


Kind  of 
crops 

Per  cent,  of 
nitrogen 

Per  cent,  of  available 
phosphoric  acid  (PsO&) 

Per  cent,  of 
potash  (K2O) 

Leguminous 

Cbrbal 

Garden 

Grass 

Orchard 

Root 

1 
3 
4 
3 
2 
3 

8  (3.5  P) 
8  (3.5  P) 
8  (3.5  P) 
6  (2.5  P) 
5  (2.2  P) 
8  (3.5  P) 

10  (8.3  K) 
5  (4.2  K) 

10  (8.3  K) 
9  (7.5  K) 

10  (8.3  K) 
7  (5.8  K) 

P,  phosphonis.       K,  potassium. 

The  special  modifications  of  these  to  meet  special  con^- 
ditions  and  the  amounts  to  use  will  be  taken  up  in  con- 
nection with  the  discussion  of  individual  crops.  Whatever 
criticism  may  be  made  of  the  proposition  of  using  only 
a  few,  instead  of  many  hundred,  plant-food  formulas,  it 
is  safe  to  say  that  these  few,  especially  when  used  in  connec- 
tion with  the  home-mixing  of  fertilizers  (p.  476),  can  be 
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used  in  agricultural  practice  with  a  degree  of  success  in  no 
way  inferior  to  that  met  in  using  the  hundreds  or  thousands 
of  commercial  mixtures. 

In  studying  the  plant-food  mixtures  given  in  the  fol- 
lowing pages,  it  will  be  noticed  that  the  commercial 
plant-food  materials  are  comparatively  few  in  number 
and  that  some  familiar  forms  are  absent  altogether.  The 
selection  is  based  largely  on  the  present  market  condi- 
tions, other  things  being  equal.  For  example,  dissolved 
bone-black,  genuine  dissolved  bone,  real  guanos,  un- 
leached  wood-ashes,  etc.,  are  obtainable  only  in  compara- 
tively small  amounts  and  at  relatively  high  cost  of  plant- 
food  constituents.  Dried  blood  and  fish-scrap  are  ob- 
tainable, if  one  can  afford  to  pay  nearly  25  cents  a  pound 
for  nitrogen,  when  nitrate  and  ammonia  nitrogen  and 
organic  nitrogen  in  tankage  can  be  purchased  for  about 
15  cents.  Calcium  cyanamid  has  not  been  included,  be- 
cause it  is  a  new  material  which  has  not  yet  been  handled 
by  farmers,  but  which  experience  may  find  to  meet  all 
conditions  where  ammonium  sulphate  is  ordinarily  used. 
There  is  no  need  to  include  desirable  materials  which 
may  be  obtainable  in  the  future  but  are  not  at  present, 
such  as  calcium  nitrate  (lime  nitrate).  Cottonseed-meal 
has  not  been  included  except  in  mixtures  for  southern 
crops,  where  it  is  good  economy  to  employ  this  material. 
In  order  to  furnish  plant-food  constituents  at  economical 
prices,  cottonseed-meal  needs  to  retail  for  not  more  than 
$25  a  ton. 

In  regard  to  the  use  to  be  made  by  farmers  of  the 
suggestions  for  plant-food  mixtures  contained  in  the  sub- 
sequent pages,  it  may  be  said  that  where  farmers  are  now 
using  methods  of  plant-feeding  which  are  giving  good 
financial  returns,  it  is  unwise  to  make  any  radical  change 
without  first  making  some  careful  experiments  on  a 
limited  scale. 
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METHODS  AND  TIMES  OF  APPLYING 

FERTILIZERS 

While  we  shall  consider  this  subject  in  more  detail  in 
connection  with  individual  crops  in  succeeding  chapters, 
it  is  desirable  to  present  here  some  of  the  main  points 
of  general  importance. 

The  efficiency  of  the  plant-food  in  a  fertilizer  is  lost  for 
the  season's  growing  crop  in  so  far  as  it  does  not  come 
within  the  feeding  range  of  the  plant  roots.  That  method 
of  application  is  best  in  each  case  which  distributes  the 
plant-food  materials  most  thoroughly  and  uniformly 
throughout  the  portion  of  soil  with  which  the  feeding- 
roots  of  the  crop  come  into  contact.  The  different  phases 
of  the  subject  to  be  noticed  are  the  following:  (i)  Special 
machinery,  (2)  different  methods  of  applying  fertilizers, 
(3)  precautions  in  applying  concentrated  fertilizers,  (4) 
application  of  soluble  materials,  (5)  distribution  of  in- 
soluble fertilizers,  (6)  time  of  application. 

Special  machinery  for  distributing  fertilizers.— The  im- 
portance of  distributing  fertilizers  in  the  most  efficient 
manner  has  been  fully  appreciated  by  implement  manu- 
facturers, so  that  not  only  are  all  desirable  forms  of 
drills  and  planters  provided  with  special  attachments  for 
this  purpose,  but  several  kinds  of  machines  have  been 
devised  to  distribute  fertilizers  either  in  the  rows,  beside 
the  rows,  or  broadcast  uniformly  over  the  entire  sur- 
face, while  some  forms  are  adjustable  to  make  use  of  all 
three  methods.  As  previously  stated  (p.  344),  wagons 
are  made  for  the  distribution  of  farm  manure  some  of 
which  are  provided  also  with  arrangements  for  distribut- 
ing fertilizers  and  lime.  For  broadcast  distribution,  an 
ordinary  grain-drill  answers  well. 

Different  methods  of  applying  fertilizers. — For  crops 
whose  root  systems  extend  sideways  in  every  direction 
and  occupy  pretty  completely  a  horizontal  layer  of  soil. 
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broadcasting,  followed  by  harrowing  before  planting,  is 
preferable.  This  applies,  for  example,  particularly  to  fer- 
tilizers used  for  cereal  crops,  orchards,  grasses,  and 
leguminous  crops  (especially  when  grown  for  green-crop 
manure),  forage,  meadow  and  pastures.  In  the  case  of 
crops  grown  in  hills  and  rows,  whose  root  systems  ex- 
tend downward  rather  than  horizontally,  distribution  in 
or  near  the  rows  is  usually  preferred,  as  for  potatoes, 
roots,  many  garden  crops,  etc.  When  early  rapid  growth 
is  desired  part  of  the  fertilizer  is  usually  put  in  the  hill 
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or  drill  with  the  seed  and  the  rest  applied  later  as  a 
top-dressing.  In  the  South,  fertilizers  are  often  applied 
alongside  the  rows  in  case  of  the  corn  crop  after  the 
plants  have  started  well,  but  it  is  believed  that  elsewhere 
better  crops  are  obtained  by  applying  broadcast  and 
harrowing  in  before  planting.  Special  crops  call  for  spe- 
cial methods  of  distribution,  and  successful  growers  dif- 
fer from  one  another  in  the  methods  employed.  Such 
special  methods  will  be  considered  in  connection  with  the 
different  crops. 

Each  method  of  distributing  fertilizers  has  some  spe- 
cial advantages,  which  we  will  briefly  notice.     Drilling 
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saves  labor  and  places  the  plant-food  just  where  the 
rootlets  of  the  young  plant  can  reach  it  in  the  early- 
stages  of  growth,  when  they  most  need  it.  Where  the 
root  system  is  limited  and  is  confined  to  rows  or  hills 
some  distance  apart,  drilling  may  use  less  plant-food 
than  broadcasting  even  in  case  of  an  equally  good  crop. 
On  the  other  hand,  the  tendency  in  drilling  in  fertilizers 
with  a  crop  like  corn  is  to  use  too  little  fertilizer,  with 
the  result  that  early  growth  is  most  promising  but  that 
in  some  cases  not  enough  available  plant-food  is  at  hand 
to  produce  a  sufficiently  heavy  yield  of  ears.  The  method 
of  broadcasting  a  fertilizer  insures  a  distribution  through 
all  portions  of  the  layer  of  soil  where  crop  roots  are  to 
grow  during  the  season.  When  a  fertilizer  is  used  in 
large  amounts  so  that  considerable  portions  remain  in 
the  soil  for  the  crop  following,  broadcast  application  is 
preferable.  Extensive  range  of  root  is  promoted  by 
broadcasting,  which  is  of  value  in  enabling  a  crop  to 
resist  drouth. 

When  a  farmer  is  using  a  system  of  application  that 
gives  satisfaction  under  his  conditions,  it  is  usually  ad- 
visable to  adhere  to  it  and  not  change  it  for  some  other 
method  until  he  has  had  a  chance  to  test  the  new  method 
experimentally  in  a  small  way  and  proved  to  his  satis- 
faction whether  or  not  it  is  likely  to  be  more  profitable. 

Precautions  in  applying  concentrated  fertilizei^.— -A 
few  words  should  be  devoted  to  calling  attention  to  cer- 
tain dangers  that  may  result  from  the  careless  use  of 
high-grade  or  concentrated  fertilizers,  those  that  are 
largely  made  up  of  mineral  or  inorganic  compounds,  such 
as  sodium  nitrate,  ammonium  sulphate,  acid  phosphate, 
potassium  chloride  and  sulphate,  etc.  These  compounds 
in  concentrated  solution  have  the  power  of  injuring  plant 
tissue  with  which  they  come  in  contact,  as  we  have 
previously  explained  (p.  167),  producing  the  effect  of 
burning.    When  a  concentrated  or  high-grade 
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or  any  plant-food  material  likely  to  burn  vegetable  tis- 
sue IS  applied,  it  is  essential  that  it  be  kept  from  coming 
into  direct  contact  in  the  soil  with  the  seed.  If,  for  ex- 
ample, a  small  lump  of  such  a  fertilizer  should  be  left 
near  seed  in  the  soil,  a  strong  solution  of  the  fertilizer  is 
soon  formed  and  this,  reaching  the  seed,  is  likely  to  in- 
jure it  and  prevent  germination.  In  a  similar  way,  if 
a  young  rootlet  pushes  into  such  a  concentrated  solution, 
injury  follows.  It  is  obvious  that  the  proper  way  to 
avoid  such  trouble  is  to  see  that  the  fertilizer  is  in  a 
finely  divided  condition,  that  it  is  uniformly  distributed 
through  the  soil  and  that  it  is  not  applied  in  so  large 
amounts  as  to  make  it  difficult  to  meet  these  conditions. 

A  good  way  of  handling  concentrated  fertilizers  before 
application  is  to  dilute  them  by  mixing  thoroughly  equal 
parts  of  the  fertiliser  and  some  inert  substance  like  fine,  dry 
muck,  or  peat,  sand,  sifted  coal  ashes,  fine,  dry  earth,  etc. 
Such  a  mixture  can  be  distributed  more  uniformly,  and 
with  much  less  risk  of  injuring  seeds  or  roots.  This 
method  of  dilution  is  especially  desirable  when  one 
wishes  to  make  only  small  applications.  For  example, 
it  would  be  a  very  difficult  matter  to  distribute  uni- 
formly 75  pounds  of  sodium  nitrate  in  dry  form  over  an 
acre.  Dilute  it  by  thorough  mixing  with  200  or  300 
pounds  of  fine,  dry  inert  material,  and  its  uniform  distri^ 
bution  is  no  longer  difficult. 

In  the  matter  of  top-dressing  partly  grown  crops  with 
concentrated  mixed  fertilizers  or  with  sodium  nitrate,  it 
is  highly  desirable  that  the  concentrated  materials  be 
diluted  with  inert  material.  It  is  also  essential  that  these 
surface  applications  be  made  not  too  near  the  growing 
plant  and  under  no  circumstances  touching  any  portion 
of  the  plant.  Those  who  have  not  had  experience  in  the 
handling  of  these  powerful  compounds  have  often  scat- 
tered the  material  over  the  ground  near  the  plant,  after 
which  a  heavy  shower  has  come,  dissolving  the  plant- 
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food  material  suddenly  and  spattering  the  concentrated 
solution  over  the  plant,  causing  serious  burning  wherever 
plant  tissue  is  touched  and  usually  causing  the  death  of 
the  plant.  It  is  always  desirable  if  possible  to  work  a 
top-dressing  of  such  strong  materials  lightly  into  the 
soil;  this  will  prevent  the  possibility  of  the  destructive 
effects  caused  by  a  heavy  rain.  Generally  speaking,  it  is 
safer  to  make  two  or  three  light  top-dressings  than  one 
heavy  application.  Regarding  sodium  nitrate,  it  is  gen- 
erally not  desirable  to  apply  it  alone  as  a  top-dressing 
in  amounts  exceeding  loo  pounds  an  acre  at  one  time  on 
most  crops. 

Distribution  of  soluble  fertilizers. — Materials  which 
are  readily  soluble  can  be  distributed  over  the  surface 
and  lightly  worked  in.  When  the  first  rainfall  comes, 
they  are  distributed  throughout  the  soil  completely  and 
uniformly. 

Distribution  of  insoluble  fertilizers. — Materials  that  are 
largely  insoluble  are  preferably  well  mixed  through  and 
beneath  the  soil.  Thus,  dried  blood,  bone-meal,  tankage, 
fish-scrap  and  other  organic  materials  of  similar  character 
are  best  placed  at  a  sufficient  depth  in  the  soil  to  promote 
to  best  advantage  the  processes  of  decomposition  and 
nitrification.  However,  the  mistake  should  not  be  made 
of  working  such  materials  into  the  soil  too  deeply,  be- 
cause the  decomposition  may  be  too  slow  or  the  nitrate 
nitrogen,  when  formed,  may  be  leached  and  carried 
beyond  the  reach  of  the  roots. 

Time  of  application. — Plant-food  materials  which  dis- 
solve easily  and  diffuse  through  the  soil  readily,  and 
which  are  not  reasonably  well  retained  by  the  soil,  are 
best  applied  only  when  the  crop  is  ready  to  utilize  them. 
If  put  on  too  long  before  the  crop  growth  is  well  started, 
there  is  danger,  especially  on  light,  open  soils,  of  their 
being  carried  more  or  less  beyond  the  range  of  the  crop 
roots.     Nitrate  nitrogen,  in  case  of  light  soils,  is  to  be 
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treated  with  special  care  in  this  respect.  Ammonia  is 
liable  to  a  similar  loss,  as  soon  as  it  is  converted  into  nitrate. 
Sodium  nitrate  is  especially  useful  for  early  spring  appli- 
cations in  case  of  crops  that  need  an  early,  prompt  start. 
Care  should  be  taken  not  to  apply  sodium  nitrate  too 
late  in  the  season  in  case  of  most  crops,  since  the  matur- 
ing of  the  crop  will  be  retarded  and  there  will  be. an  ex- 
cessive growth  of  stems  and  leaves. 

Fertilizers  which  do  not  dissolve  readily  are  preferably 
applied  early  in  the  season  and  worked  into  the  soil  so 
that  they  can  undergo  decomposition.  To  this  class  be- 
long farm  manure,  bone-meal,  dried  blood,  fish-scrap, 
tankage,  cottonseed-meal,  basic-slag  phosphate.  It  is  im- 
portant that  the  nitrogen-containing  materials  be  con- 
trolled so  that  they  shall  exercise  their  maximum  effect 
before  the  maturing  season  of  the  crop  arrives;  other- 
wise, the  season  of  growth  may  be  prolonged  so  late  into 
the  fall  as  to  result  in  injury  to  the  crop  either  in  yield 
or  quality  or  both.  In  case  of  trees,  hardiness  is  de- 
creased and  liability  to  injury  by  severe  cold  is  greater. 


CHAPTER  XXVIII 

LEGUMINOUS  CROPS 

Plants  known  in  botany  as  belonging  to  the  family,  Lc- 
guminosae,  commonly  called  the  bean  or  pulse  family,  are 
numerous  in  kind  and  widely  distributed.  Those  of  agri- 
cultural interest  are  the  well-known  clovers,  beans  and  peas. 
For  several  reasons,  these  plants  are  of  the  highest  value 
and  possess  some  important  characteristics  which  distinguish 
them  from  all  other  crops. 

GENERAL  CHARACTERISTICS 

The  more  important  points  of  general  interest  relating  to 
leguminous  crops  will  be  considered  under  the  following 
divisions:  (i)  Relation  to  nitrogen,  (2)  relation  to  subsoil, 
(3)  different  uses,  (4)  adaptation,  (5)  agricultural  varieties. 

Relation  to  nitrogen. — ^These  plants  possess  the  pecul- 
iar power  of  being  able  to  make  use  of  atmospheric  nitrogen 
and  thus  adding  to  the  soil's  supply  of  this  plant- food 
available  for  crops.  The  manner  in  which  this  is  done  we 
have  already  considered  in  detail  (pp.  214-223).  By  the 
adoption  of  some  leguminous  crop  as  part  of  a  rotation,  it 
is  easily  possible  to  reduce  greatly  the  amount  of  costly 
plant-food  nitrogen  that  one  needs  to  purchase.  However, 
in  order  to  utilize  this  important  power  of  leguminous  crops, 
it  is  essential  that  the  soil  be  provided  with  the  proper 
nodule- forming  organisms  (pp.  223-228). 

Relation  to  subsoil. — Many  of  the  leguminous  crops 
are  deep-rooted  and  serve  the  important  purpose  of  going 
down  into  the  subsoil  and  collecting  phosphorus  and  potas- 
sium compounds,  which  are  carried  into  the  upper  portions 
of  the  plant  and  then  by  their  decomposition  given  to  the 
upper  layers  of  the  soil  (p.  351). 

636 
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BifFerent  uses. — Leguminous  crops  are  devoted  to  a 
greater  variety  of  efficient  uses  in  agriculture  than  any 
others :  ( i )  They  are  the  most  valuable  green-crop  manures 
known;  (2)  they  are  among  the  most  useful  forage  crops; 

(3)  many  of  them  furnish  hay  of  the  highest  nutrition;  and 

(4)  some  of  them  are  useful  as  pasturage  and  in  lawns. 
Adaptation. — Some  varieties  can  be  grown  under  quite 

a  wide  range  of  soil  and  climatic  conditions,  while  others  are 
much  more  limited.    New  varieties  or  strains  are  being  pro- 
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duced,  thus  increasing  their  adaptability.  In  the  northern 
[wrtion  of  the  United  States,  the  varieties  most  commonly 
grown  are  red,  mammoth,  alsike  and  white  clovers,  field 
peas,  alfalfa  and  common  vetch ;  in  regions  having  a  mild  to 
warm  climate,  cowpeas  and  crimson  clover  are  extensively 
grown  1  in  niany  parts  of  the  West,  those  most  grown  are 
alfalfa,  clovers,  cowpeas  and  soy-beans. 
Agricultural  varieties. — The    number   of   leguminous 
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plants  in  actual  use  is  quite  large,  though  in  many  cases  only 
in  a  limited  way ;  the  varieties  best  known  and  most  exten- 
sively used  are  the  following:  Clovers  (red,  mammoth  red, 
alsike,  crimson,  white),  alfalfa,  field-peas,  cowpeas,  soy- 
beans, velvet-beans,  peanuts  and  vetch.  These  crops  will 
be  treated  in  this  chapter  with  the  exception  of  garden  and 
field-beans  and  peas,  which  will  be  considered  under  Garden 
Crops  (pp.  614-637)  and  peanuts,  which  are  placed  tmder 
Special  Crops  (p.  695), 

SOIL  CONDITIONS 

Under  this  head,  we  will  consider:  (i)  Calcium  com- 
potmds,  (2)  organic  matter,  (3)  kinds  of  soils,  (4)  prepara- 
tion. 

Calcium  compounds. — Leguminous  crops  are  sensitive 
to  the  presence  of  acid  compounds  (p.  221)  and  do  not 
thrive  on  soils  that  are  appreciably  acid.  Therefore, 
in  growing  these  crops,  the  soil  should  be  well  supplied  with 
calcium  (lime)  carbonate  (pp.  379-389),  applied  with  the 
crop  or  preferably  the  season  previous  to  growing  the 
leguminous  crop.  These  crops  are  also  relatively  large  con- 
sumers of  calciiltai  as  plant-food. 

Organic  matter. — A  generous  supply  of  decomposing 
organic  matter  is  also  a  requisite  for  the  most  abundant 
yield  (p.  117). 

Kinds  of  soil. — The  kinds  of  soil  on  which  leguminous 
crops  grow  best  vary  widely.  Some  thrive  only  on  one  kind 
of  soil,  while  others  grow  well  on  different  types.  In  gen- 
eral, they  require  well-drained  soils,  but  mammoth-red, 
alsike  and  white  clovers  grow  well  on  lands  that  are  too 
moist  for  other  clovers.  Deep-rooted  crops,  like  red  and 
mammoth  red  clovers,  alfalfa,  sweet  clover,  cowpeas,  soy- 
beans, do  best  only  when  the  subsoil  is  free  from  hardpan 
and  fairly  open.  In  connection  with  each  crop,  we  will 
consider  more  in  detail  the  matter  of  soil  adaptation. 
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Preparation  of  soil. — In  general,  much  care  is  required 
in  preparing  the  soil.  For  the  small-seeded  crops,  the  soil 
should  be  in  fine  tilth  and  it  is,  therefore,  a  good  plan,  when 
practicable,  to  let  them  follow  a  hoed  crop;  this  also  has  the 
advantage  of  lessening  the  growth  of  weeds,  which  often 
become  a  serious  trouble  in  such  newly  seeded  crops  as 
alfalfa  and  soy-beans. 

TABULATED  DATA  ABOUT  LEGUMINOUS 

CROPS 

In  the  following  tabulated  summary,  we  give  various  data 
as  a  convenience  for  quick  reference.  More  detailed  speci- 
fications are  given  when  needed  in  connection  with  a  dis- 
cussion of  each  special  crop. 

While  some  of  the  plants  are  perennial,  they  run  out 
sooner  or  later  when  left  undisturbed  as  in  meadow  or  pas- 
ture. The  length  of  time  the  plants  persist  depends  upon 
the  character  of  the  soil,  frequency  of  cutting  crop,  amount 
and  kind  of  fertilizers  applied,  etc. 

The  amount  of  seed  used  varies  greatly ;  less  is  used  when 
sown  in  rows  than  when  broadcasted  or  when  sown  with 
some  other  crop.  Generally,  larger  amotmts  of  seed  are 
used  for  green-crop  manures  than  for  forage  or  hay  and 
less  when  the  crop  is  grown  for  seed.  More  seed  is  needed 
on  soils  in  poor  tilth  or  lacking  in  available  plant-food,  than 
on  fertile  soils. 

In  respect  to  depth  of  planting,  it  should  be  remembered, 
in  general,  that  small  seeds  need  only  slight  covering,  while 
larger  seeds  are  usually  planted  deeper. 

The  time  of  planting  will  often  be  governed  by  the  special 
purpose  one  has  in  raising  the  crop,  whether  as  green-crop 
manure,  green  forage,  seed,  hay,  etc 
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SUGGESTIONS  ON  USE  OF  FERTILIZERS 

Leguminous  crops  require  in  soils  abundant  supplies  of 
phosphorus,  potassium  and  calcium  compounds  as  a  condi- 
tion for  the  exercise  of  their  power  to  utilize  atmospheric 
nitrogen  to  the  fullest  extent.  It  is  commonly  stated  that  no 
plant-food  nitrogen  should  be  furnished,  because,  when 
available  nitrogen  is  at  hand  in  the  soil,  these  plants  will 
utilize  this  in  preference  to  atmospheric  nitrogen.     While 

this  is  true  with  reference  to 

the  main  period  of  growth,  it 
will  usually  be  found  desirable 
on  most  soils,  and  "always  on 
poor    soils,    to    furnish    some 
available     nitrogen,     such     as 
nitrate,   in   order   to   give   the 
young    plants    a    prompt   and 
vigorous  start.    Application  of 
nitrogen  is  particularly  essen- 
tial on  soils  that  are  not  pro- 
vided with  the  proper  nodule- 
fomiing  organisms,  but  every 
effort  should  be  made  to  insure 
Lower     ends     of     alfalfa      **'^  presence  of  these  bacteria 
roots,  V4  feet  from  the  sur-       (P-  223)  if  one  expects  to  raise 
face,  showing  nodules.  Colo-      a  leguminous  crop  to  best  ad- 
HADo  Station.  vantage  in  every  way.    What- 

ever the  special  purpose  for  which  the  crop  is  grown. 
some  application  will  generally  be  found  useful  at  the  start 
and  should  be  applied,  preferably,  broadcast  and  harrowed 
in  before  sowing  seed.  On  clay  soils,  well  provided  with 
calcium  carbonate  and  organic  matter,  minimum  amounts  of 
potassium  need  to  be  furnished,  while  on  sandy  soils  both 
potassium  and  phosphorus  can  commonly  be  added  to  advan- 
tage. 

On  soils  deficient  in  organic  matter,  farm  manure  at  the 
rate  of  8  to  12  tons  an  acre  should  be  used,  preferably  with 
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the  crop  preceding  in  order  to  avoid  weeds  in  the  leguminous 
crop ;  for  direct  application,  this  trouble  can  be  avoided  by 
using  farm  manure  that  has  been  sufficiently  decomposed  to 
destroy  weed  seeds  (p.  337).  To  furnish  gradually  available 
phosphorus,  there  may  be  applied  along  with  the  farm 
manure  800  to  1,000  potmds  of  finely  ground  rock-phosphate 
("floats"). 

On  soils  well  provided  with  organic  matter,  calcium  car- 
bonate and  the  suitable  nodule-forming  organisms,  the  fol- 
lowing mixture  is  suggested : 

Plant-food  mixture,  i. — For  use  in  starting  young  crop. 

Sodium  nitrate 400  lbs.  (  60  lbs.  nitrogen) 

Add  phosphate 1 100  "    ( 150  '*    available  pboaphoric  add  or  66  Ifai.  P) 

Potassium  chloride 500  **    (150  "    potash,  or  125  lbs.  K) 

Drier  (p.  4«0) 200  " 

As  limits  within  which  to  work,  an  application  of  300 
to  600  pounds  an  acre  is  suggested,  more  exact  amounts 
being  determined  in  individual  cases  either  by  previous 
experience  or  by  special  experiment.  Such  a  mixture  con- 
tains about  3  per  cent,  of  nitrogen,  7.5  of  available  phos- 
phoric acid  (3.3  P)  and  7.5  of  potash  (6.2  K).  An  applica- 
tion of  300  to  600  pounds  per  acre  contains  the  following 
approximate  amounts  of  plant-food : 

^trogen 10  to  20  lbs. 

Available  phosphoric  add 25  to  50  **  (10  to201b«.F) 

Potash 25to50  ««  (20to40  **  K) 

Subsequent  treatment  with  fertilizers  depends  upcm  the 
individual  crops  and  the  purposes  for  which  they  are  grown. 
The  following  mixture  can  be  used  at  the  time  of  seeding 
along  with  a  moderate  application  of  farm  manure  or  when 
farm  manure  has  been  used  in  generous  amounts  on  the 
preceding  crop;  the  mixture  can  also  be  used  as  a  top- 
dressing  on  meadows  and  pastures,  in  which  the  leguminous 
plants  are  to  be  encouraged : 
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Plant-food  mixture  No,  a. — For  use  with  farm  manure  or 
as  later  top-dressing. 

SaUum  oitrste 350  lbs.  (  40  lb».  nitrogen) 

Acid  phosphate 1150  "    (1«0  "    kviilabis  phoaphoiic  add.  or  70 1b>.  P) 

Potu^um  chloride  ...  .  400"    <200  "    potuh.  or  Iti  lti>.  K) 

Drier  <p.  480) 200  '■ 

The  suggested  application  is  200  to  400  pounds  an  acre. 
This  mixture  contains  about  2  per  cent,  of  nitrogen,  8  of 
available  phosphoric  acid  (3.5  P)  and  10  of  potash  (8.3  K). 
An  application  of  200  to  400  pounds  an  acre  contains  approx- 
imately the  following  amounts  of  plant-food : 

Nitrogea 4 to    Slbg. 

AvBiliblephonhoricacid. ..    16  to  31   "    (  7  to  14  lb*.  P) 
PotMh 20  to  40  ■■    (16  to  31   "  Ki 

MANAGEMENT  OF  LEGUMINOUS  CROPS 
The  general  metJiods  of  treatment  in  relation  to  prepara- 
tion of  soil,  fertilization,  ett.,  are  much  the  same,  whether 
leguminous  crops  are  used  as 
green  forage  or  hay,  or  as 
green-crop  manure  (pp.  348- 
362).  Some  special  considera- 
tions are  involved  in  the  grow- 
ing of  beans  (p.  623),  peas 
(p.  624)  and  peanuts  (p.  709), 
and  these  crops  are,  therefore, 
considered  in  subsequent  chap- 
ters. 

Red  clover,  as  a  green-crop 
manure,  is  probably  the  most 
widely  grown  of  any  legumi- 
nous crop.     Even   the  stubble 
Alfalfa    roots.    9    months     and     rootS     alone     are     often 
old;  9  ft.  5  in.  long.    Colo-     effective   when   plowed   under. 
RADo  Station.  ^j^ut  one-third  of  the  entire 

plant-food  value  is  contained  in  the  roots,  while  35  to  40  per 
cent,  of  the  nitrogen  is  found  in  the  roots  and  stubble. 

While  adapted  to  a  great  variety  of  soils,  red  clo\er  thrives 
best  on  well-drained,  moderately  heavy  loams,  somewhat 
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moist  but  not  wet,  well  supplied  with  organic  matter  and 
calcium  carbonate.  Even  on  light  soils,  it  gives  large  yields 
when  water  and  plant- food  are  abundant,  but  runs  out 
sooner  than  on  heavier  soils. 

Red  clover  is  most  commonly  seeded  on  winter  wheat  or 
rye  in  spring,  as  soon  as  danger  of  heavy  frosts  is  past  and 
while  the  ground  is  moist.  When  put  in  as  green-crop 
manure,  12  to  15  pounds  of  seed  can  be  used,  the  larger 
amount  on  poor  soils. 

Red  clover  is  not  generally  grown  simply  as  a  green-crop 
manure,  but  is  allowed  to  grow  two  years,  being  cut  for  hay 
or  seed,  and  the  aftermath  plowed  under.  Clover  sod  is 
recognized  as  an  excellent  preparation  for  corn,  potatoes, 
oats,  etc.  The  beneficial  effects  of  plowed  clover  sod  usually 
last  for  more  than  one  season.  The  roots  of  the  red  clover 
are  widely  distributed  through  the  soil  in  every  direction  and 
they  undergo  decomposition  very  readily. 

Red  clover  is  a  vigorous  nitrogen-gatherer ;  an  entire  crop, 
including  tops  and  roots,  often  contains  per  acre  100  pounds 
each  of  nitrogen  and  potash  (83  lbs.  K)  and  40  to  50  pounds 
of  phosphoric  acid  (18  to  22  lbs.  P).  Even  winter-killed 
clover  may  contain  50  to  80  pounds  of  nitrogen  and  other 
plant-food  enough  to  make  it  useful  for  the  following  crop. 

When  grown  only  as  a  green-crop  manure,  without  any 
other  crop,  the  application  of  fertilizers  should  be  as  in- 
dicated above  (pp.  541-543).  When  grown  with  w^inter 
wheat  or  rye,  these  crops  should  be  well  supplied  with  plant- 
food  and,  after  they  are  harvested,  a  light  top-dressing  of 
fine  stable  manure  may  be  used,  or  200  to  400  pounds  of 
Mixture  No.  2  (p.  543). 

Red  clover  for  mcadozvs,  pastures,  etc.  (pp.  557-573). — 
When  grown  for  seed  or  for  use  as  green  forage,  hay  or 
pasturage,  the  management  of  this  and  other  clover  crops 
with  reference  to  feeding  at  the  start  is  essentially  the  same 
as  when  grown  for  the  purpose  of  a  green-crop  manure. 
In  connection  with  permanent  pastures,  red  clover  in  com- 
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mon  with  other  leguminous  plants  persists  longer  when 
treated  with  minimum  amounts  of  nitrogen  and  liberal 
amounts  of  phosphorus  and  potassium,  while  the  vigor  of 
grasses  is  promoted  by  liberal  feeding  with  nitrogen  to  such 
an  extent  that  they  run  out  the  clovers. 

Mammoth  red  clover,  known  also  as  perennial,  pea-vine 
and  sapling  clover,  closely  resembles  red  clover  but  is 
coarser  in  growth  and  requires  two  or  three  weeks  longer 
to  reach  maturity.  It  can  be  grown  on  wet  lands  better  than 
the  common  red.  It  is  a  vigorous  grower  and  a  good  col- 
lector of  plant-food  in  the  subsoil.  The  yield  is  generally 
larger  than  with  red  clover  and  the  growth  does  not  run  out 
as  quickly.  The  general  cultural  treatment  is  essentially  the 
same  with  both  crops.  It  is  well  to  use  15  to  20  pounds  of 
seed  per  acre. 

Alsike  clover,  known  also  as  Swedish  clover,  is,  on 
account  of  its  creeping  habit,  best  seeded  with  other  crops 
of  erect  growth,  as  for  example,  with  red  or  mammoth  red 
clover.  Alsike  is  well  adapted  to  cool,  moist  clays  and 
loams  which  are  too  wet  for  other  clovers.  It  may  be  started 
during  the  summer  or  early  fall  and  turned  under  in  spring 
for  green-crop  manure,  using  12  to  15  pounds  of  seed.  Its 
root  system  is  not  deep  and,  to  insure  a  good  catch,  the  soil 
must  be  carefully  prepared.  An  application  of  200  to  400 
pounds  an  acre  of  Mixture  No^  i  (p.  542)  may  be  used 
before  sowing,  being  well  worked  into  the  upper  layer  of 
soil.  When  used  for  forage  or  hay,  it  is  seldom  grown  alone, 
and  often  remains  three  to  five  years. 

White  clover  is  not  often  used  except  incidentally  as 
a  green-crop  manure.  Its  common  use  is  in  pasturage  in 
connection  with  other  clovers  and  with  grasses  (pp.  566-7). 
It  grows  well  on  lands  of  inferior  character  where  red 
clover  fails ;  it  is  also  less  sensitive  to  drouth  and  cold.  It 
is  adapted  to  a  wide  range  of  soils,  but  does  best  on  moist 
land.  Its  treatment  with  fertilizers  is  the  same  as  for  red 
clover. 
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Sweet  clover,  known  also  as  white  mclilot  or  melilotus, 
large  white  clover  and  Bokhara  clover,  is  a  leguminous  plant 
though  not  a  real  clover.  It  is  a  familiar,  hardy,  roadside 
biennial  weed,  widely  distributed.  It  grows  readily  on  moist 
soils,  and  especially  well  on  soils  rich  in  calcium  carbonate. 
Its  roots  are  large  and  penetrate  deep,  while  its  tops  have 
an  abundant  growth.  It  generally  grows  without  applica- 
tion of  fertilizers.  On  very  poor  soils  it  may  be  used  as  a 
preliminary  crop  for  alfalfa  or  some  other  leguminous  crop. 
For  green-crop  purposes,  it  is  regarded  as  quite  equal  to 
red  clover.  Its  action  as  a  green  manure  is  said  to  be  most 
effective  when  plowed  in  during  the  second  season  of  growth 
just  before  blossoming.  The  high  value  of  this  plant  as  a 
green-crop  manure  has  not  begun  to  be  fully  appreciated, 
especially  in  the  northern  states.  The  fact  that  animals  are 
not  usually  fond  of  it  as  green  forage  or  hay  probably 
accounts  for  the  lack  of  appreciation  of  its  value  as  a  green- 
manure  crop. 

Crimson  clover,  known  also  as  Italian  clover  and  Ger- 
man clover,  is  exceedingly  valuable  as  a  green-crop  manure 
in  the  states  along  the  Atlantic  from  New  Jersey  southward 
to  Georgia.     It  has  been  grown  in  other  states,  but,  owing 
to  its  sensitiveness  to    freezing    and    consequent    winter- 
killing, it  is  not  extensively  grown  north  of  the  middle 
Atlantic  States.    It  is  an  annual  plant,  flourishing  in  the  cool 
weather  of  late  fall  and  early  spring,  blossoming  in  April 
or  May,  when  it  is  in  best  condition  to  be  plowed  under.    It 
is  not  suited  to  spring  seeding  and  is  usually  sown  from  July 
15  to  September  in  eastern  central  states  and  as  late  as 
"^  ■  '       'arther  south.    It  has  the  advantage  of  growing  on 
light  for  other  clovers  and  also  of  growing  at  the 
:ar  when  the  cowpea  does  not  thrive.  It  is  excellent 
r-crop  to  be  used  between  regular  crops  without  In- 
with  rotation.    It  is  therefore  suitable  when  seeded 
rchards,  berry  lots,  etc.,  after  regular  cultivation  is 
EUid  also  after  harvesting  such  crops  as  tomatoes. 
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early  potatoes,  etc.    Even  when  the  crop  is  winter-killed,  it 
will  be  found  useful  as  a  green-manure,  if  it  has  made  a  six- 
inch  growth ;  the  organic  matter  in  such  a  crop  is  equal  to 
that  in  4  or  5  tons  of  manure.    The  nitrogen  in  a  full  crop 
of  crimson  clover  ranges  from  50  to  over  2CX)  pounds  an 
acre,  while  the  fall  growth  alone  may  contain  as  much  as 
100  pounds.     The  root  system  is  comparatively  unimpor- 
tant, making  up  only  10  per  cent, 
of  the  whole  crop.     In  improv- 
ing  poor   lands   in    the    middle 
Atlantic   section,   excellent   suc- 
cess has  been  attained   by   com- 
bining    crimson     clover     as     a 
winter  crop  with  cowpeas  as  a 
summer  crop. 

While  crimson  clover  is  ■ 
adapted  to  light,  sandy  soils,  it 
needs  to  be  well  supplied  with 
phosphorus  and  potassium  com- 
pounds. On  land  known  to  be 
lacking  in  plant-food  it  will  be 

well  to  use  200  to  400  pounds  or  crimson  clover.   Eighleen 

more  per  acre  of  Mixture  No.  inoculated  plants  on  right. 
.  (p.  54^),  in  order  to  taure  the  a,„n_^  ,jr'S,t2i 
crop  a  good  start.  Station. 

Alfalfa  or  Lucem  is  grown 
chiefly  for  forage  and  hay  and  only  incidentally  as  a  green- 
crop  manure.  On  account  of  [he  (iifficulty  and  expense  of 
seeding  and  its  slow,  early  growth,  it  is  not  adapted  to  be 
grown  solely  as  a  green-crop  manure.  It  does  not  reach  its 
greatest  growth  until  the  second  or  third  year  after  seeding. 
When  well  started  once,  the  crop  will  continue  growing  for 
four  to  ten  years  or  more  without  reseeding,  the  length  of 
time  depending  on  the  soil,  supply  of  plant-food,  freedom 
from  weeds  and  grass,  and  the  frequency  of  cutting. 

Alfalfa  grows  well  on  practically  all  good  well-drained 
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soils;  it  does  best  on  a  ridi,  sandy  loam  wltli  deep,  open 
subsoil.  It  dies  out  in  a  year  or  two  on  cold,  heavy  clays 
and  wet  soils.  Alfalfa  is  peculiarly  adapted  to  dry  regions, 
since  its  roots  go  down  several  feet  into  the  soil  after  water 
as  do  those  of  few  other  agricultural  plants,  cases  being  on 
record  of  roots  30  feet  long.  For  this  reason,  alfalfa  is 
liable  to  injure  the  roots  of  trees  if  grown  permanently  in 
orchards. 


NOT  INOCULATED  INOCULATED 


Soil  intended  for  alfalfa  must  be  deeply  plowed  and  put 
into  as  fine  tilth  as  possible  and  practically  free  from  weed- 
seeds  and  grasses.  In  the  North  and  East  it  is  commonly 
sown  in  spring  as  soon  as  danger  from  heavy  frost  is  past. 
It  is  best  sown  by  itself  without  cover  crop.  When  sown 
broadcast,  it  requires  25  to  35  pounds  of  seed ;  when  drilled, 
20  to  25  pounds.    In  the  South  it  is  customary  to  seed  alfalfa 
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after  some  hoed  crop  in  the  fall  in  order  to  get  the  start  of 
spring  weeds.  The  seeds  are  generally  harrowed  in  and  the 
ground  lightly  rolled. 

Alfalfa  plants  are  extremely  sensitive  to  soil  acidity. 
Unless  the  soil  has  been  recently  treated,  it  is  generally 
desirable  to  lime  the  soil  at  the  time  of,  or  preferably  the 
yjear  before,  putting  in  alfalfa.  A  generous  application  of 
farm  manure  and  ground  rock-phosphate  or  basic-slag  phos- 
phate with  the  preceding  crop  is  advantageous.  Just  before 
seeding,  an  application  of  300  to  600  pounds  of  Mixture 
No.  X  (p.  542)  may  be  harrowed  in  lightly;  on  clay  soils, 
less  potash  can  be  used.  After  the  first  year  200  to  400 
pounds  of  Mixture  No.  2  can  be  applied,  or  generous  annual 
dressings  of  farm  manure  can  be  given,  together  with  100 
to  200  pounds  of  acid  phosphate- and  50  to  100  pounds  of 
potassium  chloride. 

About  40  per  cent,  of  the  plant-food  value  of  a  normal 
crop  of  alfalfa  is  usually  contained  in  the  roots.  When  these 
decay,  they  leave  the  subsoil  better  fitted  for  drainage  and 
circulation  of  air,  as  well  as  provide  abundance  of  organic 
matter. 

It  should  be  added  that  inoculation  is  generally  necessary 
on  soils  where  neither  alfalfa  nor  sweet  clover  has  ever  been 
grown.  For  this  purpose  soil  from  an  alfalfa  or  sweet- 
clover  field  should  be  used.  It  is  often  a  good  plan  to  grow 
a  crop  of  sweet  clover  on  a  soil  as  a  preparation  for  growing 
alfalfa,  especially  on  poor  soils. 

Field-peas.— For  g^een-crop  manure  some  variety  of 
Canada  field-pea  is  usually  grown.  They  grow  well  even  on 
heaviest  clays  but  do  best  on  clay  loams.  On  light  soils 
deficient  in  moisture,  they  do  not  thrive.  The  crop  grows 
best  only  in  moist,  cool  weather,  such  as  is  common  in  north- 
ern climates  during  early  spring  and  late  fall,  and  it  is,  there- 
fore, largely  confined  to  northern  states.  The  field-pea  is 
extensively  used  in  the  citrus  orchards  of  California  as  a 
winter  green-manure  or  cover-crop.     If  planted  in  spring, 
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the  seeding  should  he  made  as  early  as  possible.  For  fall 
planting,  the  crop  can  be  started  in  August  or  September  and 
make  a  good  growth  before  freezing  weather  comes;  it  will 
then  be  ready  for  use  in  spring  plowing.  It  can  follow  such 
crops  as  are  not  removed  until  September.  It  has  been 
shown  that  in  two  months  it  is  possible  to  grow  a  crop  of  i  j 
tons  an  acre,  containing  about  2  tons  of  dry  matter,  with  120 
pounds  of  nitrogen,  35  pounds  of  phosphoric  acid  (15  lbs. 
P),  and  120  pounds  of  potash  (100  lbs.  K). 
—  Field-peas      make      vigorous 

growth  when  put  into  a  well- 
tilled  seed-bed,  but  they  will  do 
better  than  most  other  legumi- 
nous crops  on  soil  less  well  pre- 
pared. From  zYi  to  3J^  bushels 
of  seed  per  acre  should  be  used 
and  covere<l  2  to  4  inches  deep. 
They  do  better  when  drilled  in 
than  when  sown  broadcast.  On 
soils  not  well  provided  with 
available  plant-food,  it  is  well  to 
apply  at  seeding  200  pounds  per 
acre  of  Mixture  No.  i.  For  use 
as  green  forage  and  hay,  with 
other  crops,  see  pages  589- 
592. 

Cowp«as  are  vine-like  an- 
nuals more  nearly  resembling 
beans  than  peas ;  they  grow  best  in  warm  climates,  but  have 
been  adapted  to  cooler  climates,  some  varieties  being  grown 
as  far  north  as  Massachusetts  and  Wisconsin.  There  are 
several  varieties  with  marked  differences,  varying  from  tlie 
bush-like,  rapid  growing  and  early  maturing  kinds  to  those 
that  are  distinctly  vine-like  with  stems  several  feet  long. 

This  crop  possesses  some  prominent  characteristics  which 
peculiarly  fit  it  for  a  green-crop  manure  in  places  where 


Nodules  on  roots  of  soy- 
beans grown  second  season 
on  same  soil.  Natural  and 
reduced    siie.      Kentucky 

Station. 
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clover  and  alfalfa  are  not  utilized:  (1)  It  utilizes  atmos- 
pheric nitrogen  and  furnishes  large  amounts  of  organic 
matter;  (2)  it  has  unusual  ability  to  grow  oh  poor  soils  and 
on  almost  any  kind  of  land  that  is  not  too  wet;  {3)  it  covers 
the  ground  so  thickly  as  to  prevent  the  growth  of  most 
weeds;  (4)  it  is  a  vigorous,  rapid  and  deep-rooted  grower; 
(5)  it  grows  best  during  the  hot  months,'  when  it  is  most 
important  to  have  the  soil  covered  in  order  to  prevent 
destruction  of  nitrifying  bacteria ;  (6)  the  beneficial  effects 
of  the  crop,  when  used  as  green-manure,  last  two  or  three 


seasons  if  followed  by  such  crops  as  corn,  cotton  or  small 
grains;  (7)  in  the  South  two  crops  a  year  can  be  grown  on 
the  same  soil. 

The  cowpca  plant  is  very  sensitive  to  cold  and  should 
therefore  not  be  planted  until  danger  of  freezing  is  past 
and  the  soil  has  become  warm.  Cowpeas  are  often  planted 
between  rows  of  corn  at  the  time  of  its  last  cultivation  or 
broadcasted  on  stubble  of  small  grains.  The  soil  should  be 
put  into  good  tilth,  the  seeds  sown  broadcast  (I'A  to  2 
bushels  to  an  acre)  and  covered  about  2  inches  deep,  or  put 
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in  with  a  grain-drill.  When  grown  for  forage  or  hay  or 
seed,  better  results  are  obtained  by  sowing  in  drills  20  to  30 
inches  apart,  according  to  large  or  small  size  of  variety  used. 

Soil  inoculation  is  not  usually  necessary  in  the  South, 
but  in  the  North  has  sometimes  been  found  needful,  as 
shown  by  lack  of  nodules  on 
roots.  On  moderately  good  soils 
fertilizers  are  not  commonly 
used.  However,  on  light  soils 
that  have  been  continuously 
cropped  and  are  low  in  available 
plant-food,  200  or  300  pounds  of 
Mixture  No.  i  (p.  542)  may  be 
cultivated  into  the  soil  before 
seeding.  On  clay  soils,  potash 
can  usually  be  omitted.  Unlike 
most  leguminous  plants,  the  cow- 
pea  tolerates  a  moderate  degree 
of  soil  acidity. 

When  grown  as  a  green-  Alfalfa  roots  3  years 
manure  crop,  it  can  be  plowed  |J^;,o„^"'^'"^-  ^""^ 
under  tn  the  green  state  or  left  as 

a  mulch  on  the  surface  until  early  spring  and  then  plowed 
under.  Generally,  the  most  economical  method  is  to  use  it 
as  forage  and  put  back  the  manure.  The  large  amount  of 
foliage  makes  it  difficult  to  plow  the  whole  crop  under  satis- 
factorily. On  Jight  soils,  especially  in  warm  climates,  the 
whole  crop  should  not  be  plowed  under,  since  it  makes  the 
soil  too  open  for  a  time.  The  cowpea  is  the  most  important 
leguminous  crop  used  in  the  South  as  a  means  of  soil  im- 
provement; and.  wherever  it  can  be  grown  successfully,  it  is 
probably  the  most  useful  of  all  crops  for  this  purpose,  since 
it  appears  to  combine  nearly  all  the  advantages  possible  in 
a  green-crop  manure.  Cowpeas  may  be  raised  along  with 
vetch  (p.  555)  as  a  cover-crop  for  orchards  or  in  rotations 
on  sandy  soils. 
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A  good  crop  of  cowpeas  contains  about  2  tons  of  organic 
matter  an  acre,  with  75  to  over  100  pounds  of  nitrogen,  20 
to  25  pounds  of  phosphoric  acid  (8  to  11  lbs.  P)  and  100 
pounds  or  more  of  potash  (83  lbs.  K).  About  one-third  of 
the  nitrogen  of  the  crop  is  in  the  roots. 

Soy-beans  or  Japanese  peas  resemble  cowpeas  in  many 
ways,  but  in  some  respects  are  more  difficult  to  grow,  and 
the  yield  is  not  so  large. 
The  adaptation  to  climates 
and    soils    is    rnuch    the 
same  as  for  cowpeas.  The 
crop    is    grown    satisfac- 
torily   as    far    north    as 
Massachusetts   and   Wis- 
consin, and  on  soils  vary- 
ing from  clay  to  sandy; 
but  in  the  northern  states 
well-drained      sandy     or 
sandy-loam  soil   is  desir- 
able in  order  to  ripen  the 
crop  earlier  when  grown 
for  seed.    The  crop  with- 
stands drouth  and  is  also 
able    to    grow    well    on 
rather  wet  soils.     Owing 
to  less  rapid  and  vigorous 
early    growth,    soy-beans 
are  more  liable  to  be  troubled  by  weeds  than  are  cowpeas. 
The  plant  is  sensitive  to  frost.    The  general  cultural  treat- 
ment is  essentially  the  same  as  for  cowpeas.     In  starting 
soy-beans  on  new  soils,  it  has  often  been  found  that  the 
bacterial  nitrogen-gathering  nodules  are  not  found  on  the 
roots  until  tlie  soil  has  been  inoculated  with  soil  from  a  soy- 
bean field.     Treatment  with  fertilizers  is  the  same  as  for 
cowpeas. 

A  crop  of  soy-beans,  including  mots,  may  contain  as  much 


Root  system  of  cowpeas  neai 
turity,  111  days  after  planting, 
SAS  Station. 
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as  175  pounds  of  nitrogen,  45  pounds  of  phosphoric  acid 
(20  lbs.  P)  and  115  pounds  of  potash  (96  lbs,  K).  The 
results  of  some  experiments  appear  to  indicate  that  the 
soy-bean  plant  is  capable  of  utilizing  atmospheric  nitrogen 
to  a  greater  extent  than  the  cowpea  crop  does. 

Velvet  beans  have  been  found  extremely  useful  in  those 
portions  of  the  South  where  warm,  moist  weather  prevails, 


as  in  the  Gulf  States.  It  is  adapted  to  light  soils,  but  may  be 
grown  on  any  fairly  well-drained  soil.  The  vines,  usually 
ID  to  30  feet  in  length,  may  grow  as  long  as  75  feet,  making 
the  crop  a  difficult  one  to  plow  under.  Yields  of  lO  tons 
and  more  of  green  matter  per  acre  are  reported,  with  a 
nitrogen  content  of  100  to  200  pounds.  The  same  general 
cultural  trealmcnt  may  1m.'  followed  as  with  cowpeas  or  soy- 
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beans,  with  application  of  200  or  300  pounds  of  Mixture 
No.  I,  working  it  into  soil  just  before  seeding. 

Vetch  has  been  grown  successfully  as  a  late-fall  green- 
manure  crop.    On  light,  poor  soils,  it  is  usually  better  than 
cowpeas  or  soy-beans.    Two  varieties  have  been  most  com- 
monly used,  common  vetch  or  spring  tare,  and  hairy  or  sand 
vetch.    The  common  vetch  is  grown  in  the  citrus  orchards 
of  California  as  a  cover-crop  or  winter  green-manure  crop. 
In  the  northern  states  it  is  apt  to 
winter-kill.     Hairy  vetch  closely 
resembles  common  vetch  in  gen- 
eral, but  is  more  hardy  at  low 
temperatures    than     any    other 
leguminous    plant    used     as    a 
green-crop  manure ;  thus,  in  New 
York  it  remains  green  all  winter 
and  resumes  growing  in   spring. 
This    hardiness    is    a    desirable 
quahty  in  the  North.  It  has  been 
fotmd  very  useful  as  a  cover- 
crop   and   winter   green-manure 
in  Connecticut  on  tobacco  lands. 

A  combination  of  cowpeas   fol-         Hairy  vetch.    Four  inoc- 
lowed  by  vetch  has  been  utilized     ulated  plants  on  left.   Four 
in   orchards   and    crop- rotations,     non-moculated     plants     on 
...  .     "^  right.     Alabama  Station. 

furnishmg   a   maximum  amount 

of  organic  matter  for  the  soil. 

The  hairy  vetch  may  be  seeded  either  from  the  middle  of 
August  to  the  middle  of  September,  or  in  spring  from  the 
last  of  April  to  the  middle  of  May.  In  corn  or  cotton  fields, 
it  is  sown  broadcast  and  worked  in  with  the  last  cultivation. 

Inoculation  is  usually  desirable  on  new  soils.  Soil  on 
which  garden-peas  have  been  grown  can  be  used  for  this 
])Urpose,  if  that  is  more  convenient  to  obtain  than  soil  from 
a  vetch  field.     On  i>'jor  land,  vetch  rcsi>oiuls  well  to  apjili- 
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cation  of  fertilizers ;  200  to  400  pounds  an  acre  of  Mixture 
No.  I  can  be  used. 


Table  55 — Approximate  Amounts  of  Plant-Food  Con- 
stituents IN  One  Crop 


aover/iwi;:.... 
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P.  phosphoTDi,    K,  potaBtjum, 


In  the  foregoing  table  the  estimates  are  made  on  the  basis 
of  what  may  be  regarded  as  reasonable  averages  under  fair 
conditions  of  growth. 


CHAPTER  XXIX 

MEADOWS,  PASTURES   AND   LAWNS 

Land  on  which  crops,  especially  grasses  and  clovers,  are 
grown  for  the  purpose  of  making  hay  is  known  as  meadow; 
it  is  known  as  pasture  when  continuously  used  by  stock  for 
grazing.  A  lawn  is  a  piece  of  land  covered  with  grass  and 
kept  cut  close,  usually  near  a  dwelling.  Permanent 
meadows  or  pastures  are  those  used  continuously  for  long 
periods  of  time ;  when  temporary,  the  land  is  occupied  with 
grass  from  one  to  three  years,  ordinarily  as  part  of  a  rota- 
tion. The  various  kinds  of  seeds  to  be  used  will  be  deter- 
mined by  the  object  in  mind,  whether  meadow,  pasture  or 
lawn,  as  well  as  by  soil  and  climatic  conditions.  Thus,  in  a 
meadow  it  is  important  to  use  plants  which  reach  their  best 
condition  for  hay-making  at  the  same  time ;  while  in  pastures 
such  varieties  of  plants  should  be  used  as  will  furnish  a 
uniform  supply  of  feed  from  spring  to  fall,  which  is  accom- 
plished by  selecting  several  different  species  of  plants  that 
reach  their  best  condition  for  grazing  purposes  at  different 
periods  during  the  season  and  which  remain  in  the  soil  con- 
tinuously. For  lawns,  much  the  same  general  requirements 
exist  as  in  the  case  of  pastures,  the  selection  of  plants  being 
made  with  reference  to  furnishing  a  dense,  velvety,  carpet- 
like appearance  when  kept  closely  cut. 

The  question  of  keeping  land  temporarily  or  permanently 
occupied  with  grass  must  depend  upon  individual  conditions ; 
for  example,  permanent  grass-lands  may  advantageously  be 
located  on  hillsides  and  uplands,  very  heavy  soils,  stony  land, 
lowland  subject  to  overflow,  swamp  land,  etc.,  while  on 
sandy  or  light  soils  grasses  run  out  after  a  short  time  and 
only  temporary  occupation  is  usually  practicable. 
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MEADOWS 

The  general  tendency  among  farmers  has  been  to  regard 
hay  as  a  catch-crop  with  small  grains,  little  attention  being 
given  to  treatment  with  plant-foods.  Farmers  are,  however, 
coming  slowly  to  regard  meadows  as  lands  that  respond 
profitably  to  more  particular  care.  In  this  connection  we 
will  consider  the  following  points :  ( i )  Soil  conditions  and 
preparation,  (2)  use  of  fertilizers,  (3)  plants  used  for 
meadows. 

Soil  conditions  and  preparation. — Soils  for  meadows 
may  vary  widely  in  character,  ranging  from  heavy  clays  to 
sandy  loams.  On  heavier  soils,  meadows  are  more  easily 
started  and  kept  permanent,  while  on  light  soils  difficulty 
is  experienced  in  getting  plants  started  and  they  run  out 
more  quickly.  One  of  the  most  important  qualifications  in 
soils  for  permanent  meadows  is  the  power  to  hold  a  sufficient 
supply  of  water. 

The  popular  method  of  starting  a  meadow  where  rain  is 
sufficiently  abundant  is  to  seed  the  grass  along  with  small 
grains,  especially  wheat  or  rye,  the  seeds  of  the  grasses  being 
usually  sown  in  the  fall  and  those  of  clovers  in  the  spring. 
The  starting  of  grasses  with  an  oat  crop  often  proves  imsat- 
isfactory.  The  preparation  of  soil  required  for  wheat  or 
rye  usually  suffices  for  seeding  of  grasses  along  with  the  sow- 
ing of  the  grain.  Best  results,  however,  are  secured  in 
starting  permanent  meadows  by  preparing  the  land  especially 
for  the  grass  crop  and  then  seeding  without  grain.  The 
method  of  really  thorough  preparation  is  to  plow  deep,  and 
cultivate  several  times  very  thoroughly  for  the  double  pur- 
|X)se  of  destroying  weeds  and  giving  the  soil  a  very  fine  tilth. 
This  treatment  results  in  making  the  soil  mellow  for  the 
easy  penetration  of  the  young  rootlets  and  it  also  tends  to 
increase  the  amount  of  available  plant-food. 

Suggestions  on  use  of  fertilizers  for  meadows. — In  sup- 
plying plant-food  to  meadows,  some  few  guiding  facts  should 
be  kept  in  mind. 
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(i)  Presence  of  calcium  carbonate. — If  there  is  any  doubt 
regarding  the  presence  of  enough  calcium  carbonate  in  the 
soil,  an  application  is  made  while  the  soil  is  undergoing 
preparation  for  seeding,  using  1,000  to  2,000  pounds  of 
burned  lump-lime  (calcium  oxide)  or  2  to  3  tons  of  ground 
limestone  (calcium  carbonate)  (pp.  379-389).  The  appli- 
cation may  be  repeated  as  a  top-dressing  on  permanent 
meadows  once  in  four  or  five  years.  The  calcium  carbonate 
is  essential  to  insure  the  continued  presence  of  clovers,  which 
contribute  air-derived  nitrogen  as  well  as  utilize  plant-food 
in  the  deeper  portions  of  the  soil. 

(2)  Effect  of  nitrogen. — Grasses  are  favorably  affected 
by  the  application  of  nitrogen  compounds,  particularly 
nitrate.    Thb  is  in  accordance  with  the  characteristic  action 


Effect  of  top-dressing  grass-land  with  nitrate  of  soda.  The  plot 
on  the  left  received  no  nitrate,  the  center  one-lhird  ration,  and  the 
one  on  the  right  a  full  ration  of  nitrate.    Tennessee  Station. 

of  nitrogen  in  promoting  vigorous  growth  of  stems  and 
leaves  (p.  64),  which  in  meadows  are  the  portions  of  the 
plants  desired  as  crop.  Meadows  benefit  esfiecially  from 
application  of  nitrate  early  in  the  spring,  when  the  available 
nitrogen  supply  is  usually  at  its  lowest  and  when  the  nitrify- 
ing organisms  (p.  204)  have  not  yet  begun  work  in  renewing 
the  supply.  When  clovers  are  prominent  constituents  of 
meadows,  less  nitrogen  needs  to  be  applied  than  where 
the  vegetation  consists  wholly  of  grasses.  Heavy  applica- 
tions of  nitrogen  compounds  tend  to  cause  clovers  to  run  out 
In  case  of  mixed  clovers  and  grasses,  an  annual  spring  appli- 
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cation  as*  top-dressing  on  established  meadows  may  contain 
12  to  24  pounds  of  nitrogen  equal  to  about  75  to  150  pounds 
of  sodium  nitrate ;  on  timothy  and  on  mixed  grasses,  double 
that  amount  may  be  used.  Frequently  nitrate  alone  gives 
excellent  results,  but  it  is  generally  better  to  use  it  in  a  mix- 
ture with  phosphorus  and  potassium  compounds.  In  apply- 
ing nitrate  alone,  it  should  be  very  finely  ground  and  thor- 
oughly mixed  with  three  or  four  times  its  weight  of  inert 
material  (p.  532),  in  order  to  make  uniform  distribution 
easier.  Nitrate,  when  containing  small  lumps  or  when 
unevenly  distributed,  may  bum  the  vegetation  injuriously, 
though  danger  of  this  is  at  a  minimum  in  early  spring  appli- 
cations before  the  plants  have  started  green  growth. 

(3)  Use  of  phosphorus  and  potassium  compounds. — To 
insure  the  continuation  of  clovers  in  meadows,  there  must  be 
a  generous  supply  of  phosphorus  and  potassium  compounds. 
Phosphorus  may  be  supplied  in  the  form  of  acid  phosphate 
alone  or  with  bone-meal ;  basic-slag  phosphate,  and,  in  case 
of  soils  well  supplied  with  organic  matter,  "floats"  may  be 
used.  Potassium  can  be  furnished  in  the  form  of  chloride 
(muriate).  The  amount  of  these  constituents  will,  of 
course,  depend  upon  the  general  character  of  the  soil,  its 
previous  cropping  and  fertilizer  treatment. 

(4)  Use  of  fertilizers  in  seeding  meadows. — However 
accomplished,  it  is  desirable  that,  previous  to  seeding  grass 
for  permanent  meadow,  the  ground  be  well  provided  with 
organic  matter  and  be  free  from  weeds.  When  farm  manure 
is  used,  both  of  these  conditions  can  be  realized  by  applying 
fresh  farm  manure  (10  to  12  tons)  to  the  preceding  crop, 
preferably  some  hoed  crop,  as  com,  for  example;  or  farm 
manure  sufficiently  decomposed  to  destroy  weed  seeds  (p. 
337)  can  be  applied  directly  at  the  rate  of  about  8  tons  an 
acre  and  worked  into  the  soil  thoroughly  just  before  sowing 
seed.  In  whichever  way  the  manure  is  used,  250  to  500 
pounds  of  Mixture  No.  i  can  be  applied  per  acre  just  before 
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or  at  time  of  seeding,  which  will  furnish  approximately  the 
following  amounts  of  plant-food : 


Nitxosen 5  to  10  lbs. 

AvaQable  phosphoric  acid 20  to  40  "   (  9  to  18  lbs.  P) 

Potash 25  to  50  **   (20to40  "  K) 


When  no  farm  manure  is  used  either  by  direct  application 
or  with  the  preceding  crop,  one  can  apply  400  to  800  pounds 
of  the  following: 

Plant-food  mixture  No.  3. — For  use  in  seeding  grass. 

Soditxm  nitrate 100  lbs.  (  1 5  lbs.  nitrogen) 

Tankage  (6.5—9)*. .  700  **     (  45  "  and  63  lbs.  phos.  acid,  or  281bt.  P) 

Acid  phosphate 400  *'     (  56  *'   available  phosphoric  acid,  or  25  lbs.  P) 

Potassium  chloride  .  360  *'     (180  "   potash,  or  150  lbs.  K) 

Drier  (p.  480) 440  " 

*  6.5  per  cent,  of  nitrogen  and  9  per  cent,  of  phosphoric  acid. 

This  mixture  contains  about  3  per  cent,  of  nitrogen,  6  of 
phosphoric  acid  (2.6  P)  and  9  of  potash  (7.5  K).  An  appli- 
cation of  400  to  800  pounds  contains  approximately  the  fol- 
lowing amounts  of  plant-food. 


Nitrogen 1 2  to  24  lbs.,  one-fourth  soluble 

Total  phosphoric  acid 24  to  48  " 

Potash 36  to  72 


Total  phosphoric  acid 24  to  48  "     (1 0  to   20  lbs.  P)  about  one-half  soluble. 

-  -'       '■'  "     (30  to  60  lbs.  K) 


This  mixture  provides  for  a  small  amount  of  nitrate  with 
the  rest  of  the  nitrogen  in  form  to  become  available  during 
the  growing  season ;  the  same  is  true  of  phosphorus. 

(4)  Spring  application  on  established  meadows, — To  give 
grass  on  an  established  meadow  a  prompt  and  vigorous  start 
early  in  the  growing  season,  an  annual  top-dressing  early  in 
spring  is  desirable,  either  of  farm  manure  or  commercial 
fertilizer.  The  finer  the  farm  manure,  the  better  it  will  serve 
the  purpose,  since  it  can  more  easily  work  down  into  the 
interstices  in  the  soil  and  grass ;  it  also  acts  as  a  mulch  in 
holding  water,  which  is  desirable,  especially  on  porous,  light 
soils.  When  practicable,  it  may  be  well  to  apply  manure 
one  spring  and  the  commercial  fertilizer  the  next,  alternating 
from  year  to  year. 

When  a  plant-food  mixture  is  used,  it  should  be  relatively 
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ridi  in  nitrale  nitrogen,  especially  if  the  growth  of  tlmotliy 
is  desired.  Such  a  mixture  can  be  prepared  by  adding  500 
pounds  of  sodium  nitrate  to  2,000  pounds  of  Mixture  No.  1 
(p.  542),  making  2,500  pounds,  which,  reduced  to  the  basis 
of  one  ton,  would  be  as  follows: 


TWO  TIMOTHY  PLANTS  SHOWING  VARIATION  LARGELY  DUE  TO 

SEED  SELECTION.      NEW  YORK   (CORNELL  UNIV.)  STATION 

Plant-food  mixture  No.  4. — For  early  spring  use  on 

timothy  meadows. 

■Otbi.  (108 lbs. nitrogEn) 

Ml  ■■     (123   ■■    avaiUblBph<Mphoriottdd,i>rS41b«.P) 
W  "     (120"    potash,  01  100  lbs.  K) 


pM^ssiuin'  chli 
Drier 


This  mixture  contains  about  5.5  per  cent,  of  nitrogen,  6 

of  available  phosphoric  acid  (2.6  P)  and  6  of  potash  (5  K). 
Applied  at  the  rate  of  400  to  800  pounds  per  acre,  it  would 
furnish  the  following  amounts  of  plant-food : 

''(lOtoMlhfcP). 
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When  it  is  desired  to  encourage  the  growth  of  clovers  in 
meadows.  Mixture  No.  3  (p.  543)  should  be  used  at  the  rate 
of  300  to  500  pounds  an  acre. 

(5)  Siimmi^r  application. — After  the  grass  has  been  cut, 
an  additional  application  of  fertilizer  can  be  made  to  promote 
the  second  growth.  For  this  purpose,  the  mixture  should 
contain  less  nitrogen,  since  the  soil  will  he  in  condition  to 
furnish  more  as  the  result  of  summer  nitritication  and  less 
of  the  applied  nitrogen  need  be  nitrate.  These  conditions 
are  met  by  Mixture  No.  3,  of 
which  200  to  300  pounds  can  be 
used. 

The  amount  of  fertilizers  used 
may  be  regulated,  to  some  ex- 
tent, by  the  probable  crop  yield. 
For  example,  when,  owing  to 
climatic  conditions,  or  poor 
stand  of  grass,  or  any  other 
cause,  the  yield  of  hay  is  practi- 
cally limited  to  one  ton,  it  is  poor 
economy  to  use  enough  plant- 
food  to  meet  the  needs  of  a 
three-ton  crop. 

Plants  used  for  meadows. —  „,,„„ 

,        ,    ,.         ,     ^     ^  /  ROOT  systems: 

In   seiectmg  plants   to   use   for         «    ,      . 

J  .  J    ,  Orchard  Bromiis 

meadows,    one   is    governed   by  g^ass.  inermis. 

local  soil  and  climatic  conditions,  Kansas  Station. 

duration  of  meadow,  and  by  the 

character  of  the  grasses  as  food  for  farm  animals.  In  the 
eastern  states,  the  following  are  partial  to  moist  soils :  Fowl 
meadow-grass,  Italian  rye-grass,  meadow  fescue,  meadow 
foxtail,  red-top.  On  heavy  loams  and  clays,  alsike  clover 
and  timothy  hay  are  suited,  to  which  for  pasturage  may  be 
added  Kentucky  blue-grass,  white  clover  and  meadow  fescue. 
On  average  soils,  timothy,  red-top,  Kentucky  blue-grass  and 
red  clover  are  ver^  useful. 

When  land  is  to  be  used  only  two  or  three  years  as  meadow, 
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those  plants  should  be  selected  that  attain  full  growth 
quickly,  such  as  red  and  alsike  clovers,  timothy,  red-top 
and  orchard  grass;  for  permanent  meadow,  the  following 
may  be  added  to  these:  Alfalfa,  Kentucky  blue-grass, 
meadow  foxtail,  meadow  fescue,  Canada  blue-grass,  etc. 
Generally,  those  kinds  are  selected  that  grow  strong  and 
tall,  as  timothy,  red-top,  tall  fescue,  alsike  and  red  clovers. 
Largest  yields  most  commonly  come  where  only  one  or  two 
kinds  are  grown.  In  the  following  table,  mixtures  of  seeds 
for  meadows  are  given  as  suitable  for  those  sections  where 
the  plants  can  be  grown.  The  figures  denote  in  each  case 
the  amount  of  seed  to  be  used  for  one  acre. 


Table  56 — Mixtures  of  Seeds  for  Meadows 

Kind  of  grass 

Tempo- 
rary 
mead- 
ows 1-3 
years 

Perma- 
nent 
meadow 

Perma- 
nent 
meadow 

For  very 
poor 
land 

For 

poorest 

acid 

soUs 

Perma« 

nent 
meadow 

Pexma* 

nent 
meadow 

llmotlxv 

Lbs. 
15 

6 

4 

Lbs. 
12 

4 

2 

Lbs. 
15 

n 
n 

Lbs. 
10 

4 
_5 

Lbs. 
15.20 

Lbs. 
8 

.      4 

2 
2* 

1^ 

Lbs. 

Red  clover 

Mammoth  red  clover 
Mrike 

4 

Red-top 

13 

White  clover 

Kentucky  blue-grass 
Tall  meadow  fescue. . 
Orchard  grass 

9 

IS 

*Mo6t  prominent  after  a  few  years. 

The  properties  of  the  leguminous  plants  used  for  making 
hay  have  been  discussed  in  the  previous  chapter,  and  we 
will  here  add  a  brief  description  of  some  of  the  grasses  most 
commonly  used  in  permanent  meadows  and  pastures. 

(i)  Timothy,  though  primarily  a  plant  for  hay  produc- 
tion, is  very  commonly  used  in  pastures,  because  the  seed  is 
inexpensive  and  it  produces  a  fair  crop  the  first  year.  In  a 
few  years  it  usually  runs  out  in  permanent  pastures. 
Timothy  is  easily  adapted  to  good  crop-rotations.  It  grows 
best  in  good  soils  and  with  plenty  of  rain ;  it  is  responsive 
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to  generous  use  of  fertilizers  when  soil  conditions  are  good 
and  moisture  is  plentiful. 

(2)  Red-top,  while  not  making  as  valuable  a  hay  as 
timothy,  is  very  useful,  because  it  grows  on  soils  on  which 
timothy  will  not  grow,  as,  for  example,  on  soils.that  are  wet. 
or  acid  or  lacking  in  available  plant-food.  It  produces  hay 
or  pasture  the  year  after  being  sown. 

(3)  Kentucky  blue-grass,  while  of  little  value  for  hay,  is 
of  the  highest  value  as  a  pas- 
ture grass.     It  is  not  usually 

seeded  alone,  since  it  requires 
two  or  three  years  to  reach  full 
growth.  It  begins  growing 
early  in  the  season  and  heads 
early;  it  also  grows  well  in 
autumn,  but  makes  poor 
growth  in  hot  weather. 

(4)  Tall  meadow  fescue 
does  well  on  good  land ;  it  takes 
about  three  years  to  form  a 
good  sod  and  is,  therefore, 
adapted  only  to  permanent 
grass-land. 

(5)  Orchard  grass  is  tall;  it 
grows  best  on  rich,  deep  soils, 
out  it  makes  fair  growth  on  poor  soils.  On  account  of  its 
deep  root  system,  it  withstands  drouth  well.  It  has  the  dis- 
advantage of  growing  in  bunches  and  making  a  very  rough 
sod,  and  also  it  must  be  cut  near  blossoming  time  to  make 
good  hay. 

(6)  Perennial  rye-grass  does  best  on  stiff,  wet  soils,  as 
on  marshy  land ;  it  is  a  good  grass  for  pastures. 

(7)  Red  fescue  is  found  in  lawn  and  pasture  grasses.  It 
grows  on  dry,  light  soils  and  rather  barren  uplands ;  it  makes 
a  fine,  close  sod  and  also  does  well  in  shady  places. 

(8)  Rhode  Island  bent-grass  is  much  like  red-top.  It  is 
especially  valuable  in  lawns. 
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PASTURES 

Probably  no  portion  of  farms  has  been  so  generally 
neglected  as  the  pasture-land.  In  most  cases  no  attention  is 
paid  to  supplying  plant-food  further  than  the  incidental  drop- 
pings of  grazing  animals,  and  grazing  is  often  begun  too 
early  and  allowed  to  become  too  close.  This  treatment 
results  in  destruction  of  perennial  grasses,  loss  of  organic 
soil  matter,  decreased  power  of  retaining  moisture,  and  the 
substitution  of  worthless  weeds  for  valuable  forage  plants; 
in  other  words,  the  pastures  "run  out."  It  has  been  shown 
that  permanent  pastures  of  value  can  be  secured  if  proper 
attention  is  given  to  the  conditions  of  soil  preparation,  seed- 
ing, fertilizing  and  subsequent  care.  Generally  speaking,  in 
starting  a  permanent  pasture,  the  same  kind  of  care  should 
be  taken  in  relation  to  these  conditions  as  described 
above  in  starting  permanent  meadows.  After  the  first  year 
light  top-dressings  of  good  farm  manure  may  be  applied  to 
advantage  early  in  spring,  or  200  to  400  pounds  of  one  of 
the  mixtures  of  commercial  plant-foods  given  for  meadows, 
(pp.  560-563).  Farm  manure  should  be  applied  to  poorer 
portions  of  the  field,  especially  to  bare  spots.  Pastures  should 
be  limed,  especially  where  moss-grown  areas  appear;  it  is 
better,  however,  not  to  wait  for  such  symptoms,  but  to  lime 
at  the  start  and  then  systematically  every  four  or  five  years 
where  any  doubt  exists  regarding  the  need  of  calcium  car- 
bonate. A  liberal  application  of  seed  every  two  or  three 
years,  especially  along  with  farm  manure,  mowing  of  weeds 
once  or  twice  a  year,  before  blooming,  and  occasional  har- 
rowing, will  aid  in  keeping  the  pasture  permanently  useful. 
If  practicable,  it  is  a  good  plan  to  go  over  the  pasture  in 
spring  with  a  harrow  in  order  to  distribute  more  evenly  the 
animal  droppings.  In  case  of  pastures  that  are  badly  run 
down,  the  most  effective  method  of  renovation  is  to  plow  up 
the  sod  and  start  anew,  when  this  is  practicable. 

In  seeding  permanent  pastures,  the  plants  should  be 
selected  with  reference  to  getting  those  that  will  combine 
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to  give  a  continuous  growth  of  grass  through  the  season; 
some  should  mature  early  to  get  ahead  of  weeds;  some 
should  contribute  to  making  a  close,  dense  turf ;  some  serve 
as  a  protection  to  prevent  injury  from  the  treading  of  stock. 
Various  mixtures  of  plants  have  been  used  to  secure  these 
different  objects  and  some  of  them  are  given  in  the  follow- 
ing table : 

m 

Table  57 — Mixtures  of  Seeds  for  Permanent  Pastures 


Kind  of  plant 


P  o 


4» 

a 

s 


8 

H 


^l 


I 


si 


Is 


3' 


^  s  o 


Timothy 

Red  (dover 

Alsike 

Red-top 

White  clover 

Kentucky  blue-grass 

Meadow  fescue 

Orchard  grass 

Alfalfa 

Perennial  rye -grass.. 

Red  fescue 

Creeping  bent-grass  . 
Canadian  blue-grass. 


Lbs. 
10 
4 
3 

2* 

3* 

2 

2 

2 


Lbs. 
8 
6 
3 

1-2* 
4* 

1-4 
1-4 


Lbs. 


8 

4 
8 


9 
3 


Lbs. 

10 

8 

4 


Lbs, 


8 
14 


12 
6 


Lbs. 


10 
2 
8 


20 


Lbs. 
5 

5 

5* 

2* 


Lbs. 
8 
6 
3 
4 
1 


Lbs. 

2-3 

2-3 

1 

2 

4 
3 


♦Most  prominent  after  a  few  years. 


LAWNS 

In  the  making  and  maintenance  of  lawns,  haphazard  and 
inefficient  methods  have  too  often  been  the  rule,  while  even 
more  pains  should  be  taken,  if  possible,  than  with  meadows 
or  pastures.  Private  lawns  are  usually  small  and  easily 
permit  extra  attention;  the  main  difficulty  has  been  lack  of 
information  in  regard  to  the  proper  methods  of  starting  and 
maintaining  them.  A  perfect  lawn,  either  private  or  public, 
is  a  rare  sight.  We  will  consider  the  subject  in  relation  to 
(i)  character  of  soil,  (2)  preparation  and  fertilization  of 
soil,  (3)  starting  the  growth  of  grasses,  (4)  care  and  ferti- 
lization after  seeding,  (5)  grasses  to  use  for  lawns. 
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Character  of  lawn  soil. — The  best  soil  conditions  for 
lawns  are  essentially  the  same  as  for  meadows  and  pastures, 
that  is,  a  soil  containing  a  considerable  proportion  of  clay, 
with  a  tendency  to  be  heavy  and  compact  (not  light,  loose 
and  sandy),  rather  retentive  of  moisture,  keeping  moder- 
ately moist  without  becoming  too  wet.  These  conditions  are 
best  found  in  a  decided  clay  loam,  or  a  sandy  loam  resting 


KENTUCKY  BLUE-GRASS  AT  HOME 

t  Ashland,  the  home  of  Henry  Qay.  Ken- 

on  a  clay  subsoil.  Soils  used  for  lawns  are  seldom  normal 
often  consisting  of  mixtures  of  building  debris,  surface  soil 
and  subsoil  from  excavations.  We  will  first  consider  methods 
that  should  be  employed  in  making  a  lawn  soi!.  Where  filling 
to  a  considerable  depth  is  required,  no  kind  of  coarse  material, 
like  bricks,  stones,  etc.,  should  be  used  in  the  upper  4  feet. 
The  subsoil  should  be  made  of  moderately  heavy  clay.  When 
the  filling  material  varies  in  texture,  the  heaviest  is  placed 
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first,  evenly  distributed  and  over  this  an  even  layer  of  lighter 
subsoil  material,  care  being  taken  to  use  only  soil  mellow 
enough  to  permit  roots  to  penetrate  deeply  for  water.  For 
the  upper  layer  of  6  to  12  inches,  only  surface  soil  of  good 
productive  capacity  should  be  used,  preferably  that  obtained 
from  a  cultivated  field ;  this  should  be  lighter  than  the  sub- 
soil but  not  radically  different  in  general  character. 

Preparation  and  fertilization  of  lawn  soil. — Attention 
must  be  given  to  tillage  and  treatment  with  lime,  organic 
matter  and  special  plant-food  mixtures.  The  soil  should  be 
thoroughly  plowed  or  spaded  to  a  depth  of  8  to  10  inches  and 
then  carefully  fined  at  the  surface  by  raking  or  harrowing; 
it  is  then  compacted  by  means  of  a  lawn  or  field-roller,  after 
which  the  surface  is  again  loosened  by  a  rake  or  harrow, 
thus  making  a  seed-bed  suitable  for  fine  seeds. 

When  possible,  it  will  be  found  most  desirable  to  begin 
the  preparation  and  treatment  of  the  soil  the  season  before 
seeding  to  grass,  especially  in  case  of  soils  in  any  way  abnor- 
mal. The  following  plan  is  suggested :  Plow  the  soil,  apply 
and  harrow  in  1,000  to  2,000  pounds  of  quicklime  that  has 
been  slaked  to  a  fine  powder ;  after  2  or  3  weeks  harrow  in 
well-decomposed  farm  manure  at  the  rate  of  8  or  10  tons 
an  acre,  if  obtainable,  working  it  in  thoroughly.  With  the 
manure  may  be  added  1,000  pounds  of  ground  rock- 
phosphate.  Then  sow  clovers,  cowpeas,  soy-beans  or  some 
leguminous  crop  suitable  to  local  conditions.  When  this  has 
made  a  good  growth,  plow  it  under.  This  treatment  insures 
abundance  of  organic  matter  and  calcium  carbonate  and  also 
aids  in  destroying  weeds.  The  following  season  the  soil  is 
put  into  condition  for  a  good  seed-bed  as  described  above, 
after  previously  working  in  any  one  of  the  fertilizing  mix- 
tures indicated  for  meadows  (p.  560).  When  the  soil  is  not 
thus  treated  the  season  before  seeding  to  grass,  the  follow- 
ing method  is  used,  when  good  farm  manure  can  be  obtained : 
Lime  the  soil  as  directed  above,  apply  10  to  15  tons  of  well- 
decomposed  farm  manure  and  in  addition  200  to  400  pounds 
of  Mixture  No.  2  (p.  543). 
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Starting  the  growth  of  lawn  grasses. — ^^'hen  the  seed- 
bed IS  perfected,  grass-seed  is  sown  broadcast  in  amounts 
depending  on  the  kinds  used ;  the  seed  is  then  covered  less 
than  half  an  inch  deep  by  harrowing  or  raking.  In  order 
to  insure  a  uniform  distribution  of  seed  a  second  sowing 
should  be  made,  going  at  right  angles  to  the  first  sowing  with 
the  same  amount  of  seed,  and  covering  as  before.  The 
ground  is  then  compacted  by  a  300-pound  lawn  roller.  Spring 
sowing  is  generally  more  successful  than  fall  sowing  in  the 
Eastern  and  Middle  states.  When  fall  sowing  is  done  in 
this  region,  late  August  or  early  September  is  usually  best. 
If  seed  can  be  sown  before  showers,  prompt  germination  will 
be  insured. 

Care  and  fertilization  of  lawn  after  seeding. — ^When 
the  grass  has  become  of  sufficient  height  (3  or  4  inches),  it 
is  clipped  by  a  lawn-mower,  and  this  should  be  repeated 
from  time  to  time.  The  grass  is  never  allowed  to  go  to  seed. 
Ordinarily,  clipping  within  2  inches  of  the  ground  is  about 
right.  It  is  desirable  early  in  each  spring  to  go  over  the 
lawn  with  a  heavy  roller  as  soon  as  it  is  dry  enough. 

Frequently,  trouble  is  experienced  with  deep-rooted 
weeds,  such  as  dandelions,  plantains,  etc.;  when  these  per- 
sist it  is  necessary  to  remove  them  with  a  trowel  or  knife; 
but,  when  the  weeds  crowd  out  most  of  the  grasses,  then  it  is 
least  trouble  to  plow  up  the  ground  and  start  anew. 

One  popular  method  of  fertilizing  established  lawns  is  to 
spread  over  the  surface  in  late  fall  or  early  winter  or  early 
spring  a  thin  coating  of  well-decomposed,  finely  divided 
farm  manure,  raking  it  in  as  close  to  the  surface  of  the  soil 
as  possible.  More  recently  there  have  come  into  use  some 
stock-yard  products,  such  as  dried  sheep  manure,  cow 
manure  and  pig  manure  (p.  257).  In  drying,  these  materials 
are  heated  high  enough  to  destroy  weed-seeds,  which  makes 
their  use  more  desirable  than  that  of  many  farm  manures ; 
moreover  these  dried  manures  are  in  finely  divided  condi- 
tion.   This  can  be  used  as  a  spring  application  at  the  rate  of 
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I  to  2  ounces  per  square  foot,  or  nearly  ij^  to  3  tons  aii 
acre.  The  plant-food  in  them  is  fairly  high  in  cost  com- 
pared with  many  of  the  unmixed  fertilizing  materials.  Bone- 
meal  or  bone-flour  can  be  applied  as  a  top-dressing  in  spring, 
sprinkling  lightly  over  the  surface.  The  most  effective  single 
plant-food  material  is  sodium  nitrate;  when  applied  alone, 
this  can  be  used  in  early  spring  at  the  rate  of  100  pounds 
an  acre.  Two  or  three  additional  applications  during  the 
season,  each  at  the  rate  of  50  pounds  an  acre,  will  be  found 


Crop  of  dover  on  land  treated  with  calcium,  nitrogen,  phosphonia 
and  potassium  compounds.  Yield  of  hay  per  acre,  6,560  lbs.  Iowa 
Station. 

effective.  In  applying  sodium  nitrate  care  should  be  taken 
to  distribute  it  uniformly  and  in  finely  powdered  form.  In 
order  to  apply  it  evenly,  it  can  be  mixed  thoroughly  with 
any  fine,  dry  material  (p.  532).  When  put  on  in  small 
lumps,  nitrate  will  bum  the  grass  seriously.  It  is  an  excel- 
lent plan  to  scatter  nitrate  just  before  a  shower  or  to  sprinkle 
the  lawn  right  after  the  application,  or,  still  better,  to  dissolve 
it  in  water  at  the  rate  of  one  oimce  or  a  tablespoonful  of 
iiitrate  in  3  or  4  gallons  of  water  and  distribute  this  over  a 
"space  about  5  feet  square  with  a  sprinkler.  On  the  whole, 
however,  better  results  may  be  e^'l'ected  from  the  use  of 
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a  mixture  of  plant-foods,  provided  sufficient  care  has  been 
taken  to  put  the  soil  in  the  best  possible  physical  and  chemi* 
cal  condition  before  putting  in  the  seed.  Mixture  No.  4 
is  well  adapted  for  use  on  lawns,  applying  first  in  early 
spring  at  the  rate  of  800  pounds  an  acre  or  about  3  ounces 
for  I  square  yard.  Two  or  three  additional  smaller  appli- 
cations can  be  made  at  intervals  during  the  season,  using 
100  or  200  pounds  an  acre. 

Grasses  to  use  for  lawns. — Grasses  adapted  to  lawn- 
making  possess  the  following  requirements :  ( i )  They  must 
make  a  close  turf,  as  in  case  of  grasses  that  have  creeping 
rootstocks,  short  joints  and  produce  abundance  of  long, 
narrow  leaves  about  the  crown  of  the  plant.  (2)  They 
must  possess  a  pleasing  color  not  easily  affected  by  changes 
of  season.  (3)  They  must  resist  drouth.  (4)  They  must 
respond  promptly  to  the  marked  changes  from  cold  to  warm 
seasons.  (5)  They  must  bear  without  injury  continuous 
clipping  by  lawn-mowers.  In  general,  best  results  are 
obtained  by  a  mixture  of  different  grasses,  because  it  is  not 
often  that  soil  and  climatic  conditions  are  favorable  enough 
to  develop  a  single  grass  into  a  perfect  lawn.  The  grasses  best 
adapted  to  lawns  in  the  eastern  and  northen  states  are  Ken- 
tucky blue-grass,  red-top,  Rhode  Island  bent-grass,  creeping 
bent-grass  and  white  clover,  all  of  which  make  a  dense,  deep 
sward.  White  clover  is  very  desirable  upon  sandy  soils  and 
in  spring  seeding,  because  it  covers  the  ground  quickly  and 
comes  back  quickly  after  severe  drouths. 

Care  must  be  taken  to  obtain  pure  grass  seed  of  such 
vitality  that  most  of  it  will  germinate.  The  amount  of  seed 
to  use  in  lawn-making  should  be  sufficient  to  insure  a  thick 
stand  and  prevent  the  growth  of  weeds.  When  used  in  com- 
bination, 2  to  3  bushels  an  acre  should  be  sown  of  such 
grasses  as  blue-grass,  bent-grass  and  the  fescues.  Blue- 
grass  alone  may  be  sown  at  the  rate  of  2  bushels  an  acre; 
when  white  clover  is  added  to  the  foregoing  varieties,  a  peck 
per  acre  should  be  used. 
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As  an  illtistration  of  a  mixture  of  seeds  for  lawns,  we  give 
the  following  : 

Timothy 10  pounds 

White  clover 5       ** 

Red-top 10       •• 

Kentucky  blue-graM 20       ** 

Rhode  Idand  bent-grass 5       '* 

Creeping  bent-grass 5       ** 

Table  58 — Approximate  Amounts  of  Plant-Food  Con- 
stituents IN  One  Ton  of  Hay  From  Different 
Grasses 


Crop 


Kentucky  blue-grass 

Meadow  fescue 

Orchard  grass 

Perennial  rye  grass  . 

Red-top 

Timothy 

Mixed 


Nitrogen 


24  lbs. 

19  " 

24  •• 

23  •• 

24  •• 

25  " 
30  •• 


P,  phosphorus.    K.  potassium. 


Phosphoric 
acid  (PsOa) 


8 
8 
7 

11 
7 

11 
8 


Lbs. 

[3.5  P) 
3.5 
3.1 
4.8 
3.1 
4.8 
3.5 


P) 

P) 

P 

P 

P) 


Potash  (KlO) 


CHAPTER  XXX 
CEREAL  AND  GREEN-FORAGE  CROPS 

Under  this  head  we  include  those  crops  that  are  most 
commonly  grown  for  grain,  chief  among  which  are  (i) 
corn,  pop-corn,  (2)  wheat,  (3)  rye,  (4)  oats,  (5)  barley, 
(6)  buckwheat,  (7)  millet  and  (8)  sorghum. 

Most  of  these  crops  are  used  also  to  a  greater  or  less 
extent  as  green  forage,  being  cut  before  maturing  and 
fed  directly  to  animals;  this  method  of  feeding  is  com- 
monly known  as  "soiling"  and  the  crops  so  used  are 
often  called  soiling-crops.  They  are  of  special  impor- 
tance in  connection  with  milk  production,  being  used  to 
supplement,  or  even  to  take  the  place  of,  pastures,  and 
also  to  furnish  succulent  food  during  winter.  Cultivable 
land  can  generally  be  more  profitably  used  in  this  way 
than  for  pasturage.  The  chief  qualities  desired  in  a 
green-forage  crop  are  succulence,  palatability  and  com- 
paratively large  yield  in  a  moderately  short  growing 
period.  Some  of  these  crops  are  also  used  as  pasturage 
and  hay  and  as  green-crop  manure.  We  shall,  as  a  mat- 
ter of  convenience,  consider  the  conditions  of  crop  treat- 
ment for  each  of  these  uses  (grain,  green  forage,  pastur- 
age, hay,  and  green  manure),  in  so  far  as  they  apply  in 
case  of  each  crop.  Generally  speaking,  the  conditions 
of  soil  and  tillage  are  essentially  the  same,  for  whatever 
purpose  the  crop  is  grown;  some  variations  occur  in 
respect  to  the  variety  and  amount  of  seed  and  the  treat- 
ment with  fertilizers,  according  as  the  crop  is  grown 
for  one  purpose  or  another.    . 

While  the  cereal  crops  vary  considerably  from  one 
another  in  their  feeding  powers,  period  of  growth  and 
character  of  root  systems,  all  of  them  require  for  satis- 
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factory  yields  good  seed,  and  most  of  them  good  soil, 
good  culture  and  a  good  supply  of  available  plant-food. 
Abundance  of  organic  matter  and  calcium  carbonate  is 
desirable. 

In  connection  with  each  of  the  crops  mentioned  above 
we  shall  consider  the  following  points:  (i)  Crop  rota- 
tions, (2)  soil  and  preparation,  (3)  fertilizers,  (4)  seed-' 
ing,  (5)  cultivation. 
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Com. — The  corn  crop  is  one  of  special  value  because, 
where  grown  under  favorable  conditions  of  soil  and 
climate,  it  is  capable  of  producing  considerably  more  food 
per  acre  than  does  any  other  grain :  and,  moreover,  the 
crop  is  extremely  useful  not  only  for  grain  but  as  green 
forage  and  in  other  ways. 

(i)  Crop-rotations  for  corn. — Among  rotations  in  com- 
mon use,  the  following  will  serve  as  illustrations: 

(a)  Six  years:  Corn,  2  years:  wheat  or  oats,  I  year; 
timothy  and  clover,  3  years;  this  is  common  in  the  so- 
called  corn-belt.  
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(b)  Four  or  more  years:  Corn,  r  year;  oats,  I  year; 
wheat,  seeded  with  timothy  and  clover,  maintained  I  to 
3  years ;  this  is  common  in  the  North,  outside  of  the  corn- 
belt. 

(c)  Three  years:  Corn,  lyear;  oats,  in  fall,  i  year; 
cowpeas  and  cotton,  i  year ;  this  is  much  used  in  cotton- 
growing  sections. 

(2)  Soil  and  preparation. — For  whatever  purpose  grown, 
the  best  soils  for  corn  are  rich,  porous,  well-drained, 
warm  loams,  that  do   not  bake  during  drouth,  though 

good  crops  are  obtainable  on  a 
great  variety  of  soils,  ranging 
from  light,  sandy  loams  to  heavy 
clays.  Abundance  of  organic 
matter  and  the  presence  of  cal- 
cium carbonate  are  essential. 

When   com   follows  grass,   a 

common  form  of  rotation,  it  is 

well  to  plow  in  the  fall;  spring 

plowing,  when  necessary,  should 

be  done  as  early  as  conditions 

permit.     The  depth  of  plowing 

should  usually  not  exceed  6  or  7 

inches.    The  soil  should  be  well 

Root     system     of     corn,     cultivated  to  a  sufficient  depth  to 

showing     distribution     of     insure  mellowness,  warmth,  and 

roots  between  two  hills  of     circulation     of     air.     conditions 

level-planted   corn,   65   days  ■  ,  a 

after     planting.       Kansas     essential   to   promote  quick   and 

Station,  complete    germination    of    seed 

and  rapid,  early  growth  of  plants, 

(3)  Fertilisers. —In  discussing  the  question  of  plant-food 
supply,  the  following  facts  must  be  taken  into  consid- 
eration :  (a)  The  crop  makes  most  of  its  growth  after  hot 
weather  begins,  when  the  process  of  nitrification  (p.  204) 
is  most  active,  (b)  The  period  of  growth  is  prolonged 
compared  with  that  of  other  common  cereals.    For  these 
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reasons^  corn  crops  can  utilize  organic  nitrogen  supplied 
in  the  form  of  farm  manure,  leguminous  green-crop 
manure,  bone-meal,  dried  blood,  meat  tankage,  fish-scrap, 
cottonseed-meal,  etc.  (c)  Therefore,  corn  crops,  if  well 
supplied  with  organic  nitrogen,  do  not  require  the  appli- 
cation of  nitrate  except  in  small  amounts,  sufficient  to 
supply  the  early  needs  of  the  young  plants  while  their 
root  system  is  limited  in  reach  and  before  nitrification 
actively  begins,  (d)  It  is,  however,  desirable  that  gener- 
ous amounts  of  soluble  phosphorus  and  potassium  com- 
pounds be  furnished,  (e)  Farm  manure  can  be  applied 
to  excellent  advantage  on  corn  crops,  for  whatever  pur- 
pose grown.  It  is  best  applied,  if  coarse  and  fresh,  in 
fall  or  winter  on  sod  at  the  rate  of  8  to  10  tons  an  acre. 
When  applied  in  spring  directly  to  the  crop,  it  is  usually 
better  to  use  partly  decomposed  manure  especially  in 
case  of  lighter  soils,  putting  it  on  the  plowed  ground  and 
harrowing  in  thoroughly  before  planting  seed.  When 
corn  follows  a  leguminous  crop,  it  is  well  to  apply  in  any 
case,  if  possible,  2  or  3  tons  of  farm  manure  an  acre  in 
order  to  carry  into  the  soil  micro-organisms  that  will 
hasten  the  decomposition  of  the  green-manure  crop, 
making  its  plant-food  constituents  available  during  the 
growing  period  of  the  corn  crop.  In  the  case  of  soils 
deficient  in  organic  matter  and  available  plant-food, 
treatment  with  farm  manure  or  leguminous  crops  or  a 
combination  of  the  two  should  be  regarded  as  absolutely 
essential  for  a  successful  crop  of  corn. 

When  a  corn  crop  is  grown  under  favorable  soil  condi- 
tions, with  an  abundance  of  leguminous  green-crop 
manure  or  farm  manure,  the  following  mixture  is  sug- 
gested at  the  rate  of  250  to  500  pounds  an  acre. 

Plant-food  mixture  No.  5. — For  corn  on  soils  rich  in 
organic  matter. 

Sodium  nitrate 400  lbs.  (60  lbs.  nitrogen.) 

Add  pho8pat« 1150    "    (160  lbs.  available  phosphoric  acid,  or  70  tbt.  P) 

Potaaaium  chloride  ....  200    "    (100  lbs.  i)otash.  or  83  Ids.  K) 

Diier(p.480) 250  " 
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This  mixture  contains  about  3  per  cent,  of  nitrogen,  8 
available  phosphoric  acid  (3.5  P)  and  5  potash  (4.2K) 
and  in  applications  of  250  to  500  pounds  furnishes  the 
following  amounts  of  plant-food : 

Nitrogen 7.5  to  IS  lbs. 

Available  phosphoric  acid 20  o  40  lbs.  (9  to  18  lbs.  P) 

Potash 12.5  to  25  lbs.  (10  to  20  lbs.  K) 

On  light  soils,  which  are  not  well  supplied  with 
organic  matter,  a  more  liberal  application  of  fertilizer 
should  be  used,  400  to  800  pounds,  in  which  part  of  the 
nitrogen  is  nitrate  and  part  in  less  quickly  available 
forms.  The  foregoing  mixture  modified  by  addition  of 
tankage  containing  6.5  per  cent,  of  nitrogen  and  9  of 
phosphoric  acid  (4P),  gives  the  following  mixture  hav- 
ing the  same  percentage  composition  as  the  foregoing: 

Plant-food  mixture  No.  6. — For  corn  on  soils  deficient  in 
organic  matter. 

Sodium  nitrate 100  lbs.  (15  lbs.  nitrogen) 

TankaHe(6.5N— 9P2O5)  700  "  I  45  **    nitrogen  and  63  lbs.  phos.  acid,  or  28  lbs.  F) 

Acid  phosphate 700  **  1  98  **    available  phosphoric  acid,  or  43  lbs.  P) 

Potassium  chloride 200   "  (100  "    potash,  or  83  lbs.  K) 

Drier  (p.  480) 300  " 

As  a  partial  source  of  supply  of  slowly  available  phos- 
phoric acid,  one  can  apply  once  in  4  or  5  years  1,000 
pounds  of  finely  ground  rock-phosphate,  provided  there 
is  in  the  soil  a  generous  supply  of  decaying  organic  mat- 
ter, furnished  by  farm  manure  or  green-crop  manure. 

In  regard  to  the  method  of  distributing  fertilizer, 
some  broadcast  it,  some  apply  it  with  the  seed  in  the 
hill,  and  some  by  machines  which  distribute  it  in  two 
rows  on  opposite  sides  of  each  row  of  corn  and  several 
inches  away  from  the  seed.  This  last  plan  is  probably 
the  best  when  the  principal  object  is  for  the  use  of  the 
plants  during  early  growth.  When  the  object  is  for  use 
throughout  the  season,  broadcasting  is  probably  better. 
When  put  in  the  hill  in  contact  with  the  seed,  a  concen- 
trated fertilizer  like  the  above  may  injure  the  seed   (p. 
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532).  The  root  system  of  the  com  plant  is  such  that 
fertUizers,  when  intended  for  use  during  the  growing 
season,  are  most  serviceable  if  uniformly  distributed.  In 
the  course  of  a  couple  of  months  after  planting,  the  roots 
extend  not  only  deep  into  the  soil  but  horizontally  in 
every  direction,  completely  underlying  the  surface  and 
filling  the  soil  below  the  cultivated  layer. 

(4)  Planting.-^The  amount  of  seed  used  ranges  from  6 
quarts  of  seed  up,  depending  largely  upon  the  character  of 
the  soil,  more  being  used  on  good  than  on  poor  soils. 
When  planted  in  hills  on  very  fertile  soils,  the  hills 
may  be  23/^  to  3  feet  apart  each  way  .and  3  or  4  ker- 
nels in  a  hill ;  on  poorer  soils,  the  hills  and  rows  should 
be  farther  apart.  Too  thick  planting  is  undesirable,  be- 
cause in  dry  spells  loss  of  soil  moisture  by  evaporation 
through  the  plant  leaves  is  likely  to  be  so  great  as  to 
injure  the  crop.  The  depth  of  planting  is  usually  be- 
tween I  and  3  inches. 

(5)  Cultivation, — Soon  after  planting  in  rows,  the  surface 
of  the  soil  is  cultivated  to  a  depth  of  2  or  3  inches  to  keep 
weeds  down  and  to  form  an  earth  mulch  to  retain  soil 
moisture  (p.  155).  When  the  plants  are  3  or  4  inches 
high,  they  may  receive  one  or  two  ordinary  cultivations 
to  a  depth  of  3  or  4  inches,  after  which  the  cultivation 
must  be  shallow  enough  to  avoid  injury  to  the  feeding- 
roots.  The  frequency  of  cultivation  depends  on  weather 
conditions.  Cultivation  may  be  advantageously  con- 
tinued as  long  as  it  is  convenient  to  go  between  the  rows. 

Corn  as  green-forage  crop. — When  corn  is  grown  as 
a  green-forage  crop,  whether  for  immediate  use  or  as 
ensilage,  the  object  is  a  rapid  growth  and  a  large  yield 
of  succulent  stalks  and  leaves  in  comparison  with  ears. 
The  character  and  conditions  of  soil  preparation  and  cul- 
tivation are  the  same  as  in  case  of  corn  grown  for  grain. 
For  green  forage,  a  heavier  application  of  nitrogen  is  per- 
missible. 
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One  can  use  the  following  mixture,  which  is  the  same 
as  Mixture  No.  5  with  tankage  added  and  acid  phosphate 
decreased : 

Plant-food  mixture  No.  7. — For  corn  silage  and  green 
forage. 

Sodium  nitrate 400  lbs.  (60  lbs.  nitrogen) 

Tankage  (6.5N—9Ps05)      650  **    (39  "  nitrogen  and  60  lbs.  phosphoric  add.  or  26 

lfas.P) 

Acid  Phosphate 750  *'    (105  **  avaHable  phosphoric  acid,  or  46  lbs.  P) 

Potassium  chloride  ....     200  **    (100  **  potash,  or  83  lbs.  K) 

On  soils  rich  in  organic  matter  this  mixture  can  be 
applied  at  the  rate  of  250  to  5(X)  pounds  an  acre,  and  on 
soils  poor  in  organic  matter  at  the  rate  of  400  to  800 
pounds.  This  mixture  contains  the  same  percentages  of 
phosphorus  and  potassium  as  mixtures  5  and  6  and  about 
5  per  cent,  of  nitrogen,  instead  of  3,  the  additional 
amount  being  in  the  form  of  tankage,  which  becomes 
available  gradually  during  the  growing  season.  The 
different  amounts  suggested  for  application  contain  the 
following  amounts  of  plant-food : 


Application    Nitrogm        Total  phosphoric        Available  pho8j>horic 
Lbs.  Lbs.  acid.  Lbs.  acid.  Lbs. 


250 

123 

400 

20 

500 

25 

800 

40 

20(  9P) 
32  (14  P) 
40(18P) 
64  (28  P) 


13  (  6  P) 
21  (  9  P) 
26  (12  P) 
42  (18  P) 


Potash 
Lbs. 

12.5(10  K) 
20  (16.5  K) 
25  (20  K) 
40     (33     K) 


Com  is  planted  more  thickly  when  grown  as  green 
forage.  The  thicker  the  planting,  the  smaller  will  usually 
be  the  number  or  size  of  ears  per  stalk.  In  order  to 
obtain  ears  about  one-half  full  size,  11  to  14  or  more 
quarts  of  corn,  according  to  size  of  kernels,  are  com- 
monly used  per  acre,  when  the  rows  are  about  3^  feet 
apart  and  the  separate  stalks  in  the  row  6  to  8  inches 
apart.  When  planted  in  hills,  on  very  fertile  soil,  the 
hills  may  be  2>4  to  3  feet  apart  each  way,  with  3  or  4 
kernels  in  a  hill. 

When  the  corn-growing  season  extends  from  the  first 
of  May  into  October,  two  crops  of  corn  can  usually  be 
grown  for  green  forage.    After  the  first  crop  is  removed, 
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the  ground  is  harrowed  deep  without  plowing,  as  prep- 
aration fof  plantings  this  leaves  the  soil  in  condition  to 
promote  quick  germination  and  rapid  early  growth, 
which  is  important  in  order  to  avoid  danger  from  possi- 
ble early  frost.  Treatment  with  fertilizer  and  tillage  is 
the  same  as  with  the  first  planting. 

■  When  a  constant  supply  of  green-forage  corn  is  de- 
sired, plantings  are  made  in  succession,  2  or  3  weeks 
apart,  in  amounts  to  meet  one's  needs ;  or  one  may  plant 
early  and  late  varieties. 

In  some  cases,  corn  is  sowed  broadcast  with  the  pur- 
pose of  having  only  green  forage  without  any  ears,  to 
use  especially  in  time  of  drouth,  which  is  apt  to  com*e 
some  time  in  August  or  September.  In  such  cases,  com- 
paratively large  amounts  of  seed  are  used.  A  fertilizer 
richer  in  nitrogen,  like  Mixture  No.  7,  can  be  well  used  in 
such  cases,  or  if  the  growth  is  to  be  pushed  very  rapidly 
Mixture  No.  4  is  useful.  Apply  at  the  rate  of  200  to  500 
pounds  or  more  per  acre. 

Pop-corn  is  now  grown  as  a  field  crop.  The  conditions 
of  soil,  culture,  feeding,  etc.,  are  essentially  the  same  as 
for  sweet  corn  (p,  631). 

Wheat, — This  important  crop  is  adapted  to  a  great 
variety  of  climatic  and  soil  conditions.  The  kind  of  seed 
used,  the  methods  of  rotation,  tillage,  fertilization  and 
seeding  depend  upon  local  conditions,  especially  climatic. 
While  wheat  is  grown  mostly  for  the  grain,  it  is  some- 
times used  as  a  green-forage  crop  (p.  584).  The  par- 
ticular points  to  which  we  shall  give  attention  are:  (i) 
Rotations,  (2)  soil  and  preparation,  (3)  fertilizers,  (4) 
seeding. 

(i)  Crop-rotations  for  wheat. — Continuous  growth  of 
wheat  on  the  same  soil  has  been  proved  to  be  disastrous 
to  soil  fertility  in  the  course  of  years.  The  kind  of  rota- 
tion used  varies  with  local  soil  and  climatic  conditions 
and  with  the  special  kind  of  farming  practiced.    The  fol- 
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lowing  rotations  are  typical  ones  in  common  use  where 
they  are  practicable : 

(a)  Three  years:  Corn,  wheat,  clover;  or  potatoes, 
wheat,  clover. 

(b)  Four  years:  Corn,  oats,  wheat,  clover. 

(c)  Five  years:  Com,  oats,  wheat,  timothy  and  clover 
2  years. 

(d)  Five  years:  Corn,  2  years;  oats,  wheat,  clover 
(used  in  corn-belt). 

(2)  Soil  and  preparation. — ^Wheat  does  best  on  well- 
drained  rich  clays  and  heavy  loams,  but  good  yields  are 
given  on  a  great  variety  of  soils,  even  on  light  soils  when 
moisture  is  not  deficient.  An  abundance  of  organic  mat- 
ter is  essential  for  good  crops  of  wheat. 

It  is  necessary  that  attention  be  given  to  proper  prep- 
aration of  soil  in  the  way  of  tillage.  General  experience 
shows  that  it  is  best  to  plow  the  soil  as  soon  as  prac- 
ticable after  the  preceding  crop  has  been  removed, 
harrowing  after  each  rainfall.  This  treatment  compacts 
the  soil,  prevents  weeds  going  to  seed,  retains  moisture, 
and  puts  the  soil  in  fine  tilth.  The  depth  of  plowing 
varies  from  4  to  8  inches  according  to  special  conditions ; 
the  aim  must  be  to  make  the  upper  layer  of  3  to  4  inches 
mellow,  in  order  to  insure  prompt  germination  of  seed 
and  rapid  early  growth.  On  light,  mellow  soils,  the 
ground  may  be  only  harrowed  for  seeding,  especially 
when  following  potatoes  or  corn.  On  light  soils  the  seed- 
bed may  be  rolled.  For  spring  wheat,  fall  plowing  ap- 
pears to  give  best  results. 

(3)  Fertilizers. — ^Among  the  general  methods  of  feeding 
the  wheat  crop,  we  mention  the  following:  (a)  Nitrogen 
is  supplied  in  part  by  a  leguminous  crop  as  part  of  the 
rotation,  whether  grown  as  green-manure  crop,  cover- 
crop,  green  forage  or  hay.  The  particular  leguminous 
crop  used  depends  on  local  conditions,  (b)  This  is  usu- 
ally followed  by  some  crop  as  corn,  which  can  utilize 
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the  plant-food  contained  in  the  green  crop;  and  a  few 
tons  of  farm  manure,  when  obtainable,  can  with  advan- 
tage be  applied  to  the  leguminous  crop  and  plowed  under 
in  late  fall  or  early  spring,  (c)  In  some  cases,  commer- 
cial fertilizer  may  be  applied  to  the  preceding  crop,  in 
addition  to  farm  manure  or  green-crop  manure,  in 
amounts  and  forms  that  will  leave  some  plant-food  for 
I  he  wheat  crop  following,  (d)  Generally,  the  best  plan 
is  to  utilize  farm  manure,  if  fresh  and  coarse,  or  green- 
crop  manure  for  the  crop  or  crops  preceding  and  to  apply 
commercial  fertilizer  directly  to  the  wheat  crop,  (e) 
When  farm  manure  is  used  directly  for  the  wheat  crop, 
it  should  preferably  be  well-decomposed,  if  used  in  con- 
siderable amounts,  especially  where  rainfall  is  apt  to  be 
deficient;  it  is  well  harrowed  into  the  soil  before  seed- 
ing. While  the  use  of  20  or  30  tons  of  farm  manure  an 
acre  is  sometimes  advised,  this  refers  to  soils  deficient  in 
organic  matter  and  where  green  crops  are  not  used. 
About  8  or  10  tons  every  4  or  5  years  will  suffice  where  a 
good  system  of  rotation  is  used.  Farm  manure  is  pref- 
erable on  heavy  soils.  In  some  cases,  when  well-decom- 
posed and  in  fine  condition,  farm  manure  is  applied  after 
wheat  is  sown,  (f)  In  many  cases,  the  chief  reliance 
in  feeding  the  crop  is  placed  upon  commercial  fertilizers, 
usually  a  complete  fertilizer  being  used,  though  in  some 
cases  phosphorus  in  the  form  of  acid  phosphate  is  used 
alone  for  a  time  with  good  results,  especially  on  clay 
soils  that  are  well  supplied  with  nitrogen  by  means  of 
leguminous  crops  or  farm  manure. 

In  feeding  the  wheat  crop,  it  is  found  on  most  wheat 
soils  that  the  application  of  nitrogen  and  phosphorus  is 
more  often  called  for  than  potassium,  but,  in  the  absence 
of  definite  information  gained  by  experience,  it  is  best  to 
assume  the  need  of  a  small  amount  of  available  potassium 
and  to  make  use  of  a  complete  fertilizer.  When  one  is 
using  a  good  crop-rotation,  an  application  of  200  to  400 
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pounds  of  Mixture  No.  5  (p.  577)  is  suitable.  On  soils 
deficient  in  organic  matter,  Mixture  No.  6  (p.  578)  can 
be  used  at  the  rate  of  400  to  800  pounds. 

In  the  case  of  wheat  crops  that  do  not  appear  to  have 
wintered  well  or  in  case  of  light  soils,  an  early  spring 
application  of  75  to  150  pounds  of  sodium  nitrate  as  a 
top-dressing  will  usually  prove  beneficial  in  giving  the 
crop  a  vigorous,  early  start.  At  this  time,  the  nitrate 
supply  in  the  soil  is  apt  to  be  at  its  lowest.  This  is  ap- 
plied broadcast,  diluted  with  some  fine  inert  material, 
(p.  532)  about  as  soon  as  the  plaots  begin  to  show  signs 
of  starting  growth. 

For  wheat  crops  fertilizers  are  usually  applied  evenly 
by  an  attachment  which  distributes  the  fertilizer  at  the 
time  of  seeding. 

In  case  of  need  of  liming,  the  application  is  better  made 
with  some  crop  preceding  wheat. 

(4)  Seeding. — In  moist  soils,  seed  should  be  covered 
about  I  inch,  and  in  light,  dry  soils  2  to  3  inches.  The 
amount  of  seed  used  per  acre  varies  with  soil,  climate, 
quality  and  variety  of  seed,  time  of  seeding,  etc.  Less 
seed  IS  used  in  case  of  early  seeding,  good  seed-bed,  fer- 
tile soil,  when  drilled,  where  winters  are  mild,  or  when 
seed  is  small.  The  amount  most  commonly  used  varies 
from  6  to  8  pecks.  The  time  of  seeding  winter  wheat 
should  be  early  enough  to  give  the  crop  a  good  start 
before  freezing  weather  begins.  Spring  wheat  is  put  in 
as  early  as  seasonal  conditions  permit. 

Wheat  as  green  forage. — Wheat  is  sometimes  grown 
as  green  forage,  being  cut  and  fed  at  about  the  heading- 
out  stage.  The  conditions  of  treatment  are,  for  the  most 
part,  the  same  as  when  the  crop  is  grown  for  grain  except 
that  the  seeding  should  be  a  little  earlier.  Treatment  with 
fertilizers  should  be  the  same,  except  that  somewhat 
heavier  application  of  nitrogen  is  permissible  (Mixture 
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No.  7,  p.  580),  and  early  spring  top-dressing  with  100  to 
150  pounds  of  sodium  nitrate  is  generally  desirable,  the 
application  being  made  when  the  foliage  is  dry  and  as 
soon  in  spring  as  active  growth  appears. 

Wheat  is  sometimes  used  for  pasturage  and  gives  ex- 
cellent results  when  not  cropped  too  close  early  in  the 
season.  When  cut  just  in  full  head,  and  carefully  cured, 
wheat  makes  very  satisfactory  hay. 

Rye  is  useful  as  grain,  as  green  forage,  as  hay,  as  pas- 
turage and  as  green-crop  manure.  It  has  a  wider  range 
of  adaptability  to  climatic  and  soil  conditions  than  any 
other  cereal  crop.  In  many  of  the  general  conditions 
affecting  its  growth,  it  closely  resembles  wheat. 

( 1 )  Crop-rotations  for  rye, — In  general,  rye  takes  the 
same  place  as  wheat  in  crop- rotations  (p.  498).  On  ac- 
count of  its  hardiness,  it  is  of  special  value  in  connection 
with  the  seeding  of  grass  and  clover,  particularly  in 
northern  climates. 

(2)  Soil  and  preparation. — Rye  grows  on  soils  that  are 
too  poor  for  other  cereals  and  it  will  stand  more  neglect 
than  other  cereals.  It  does  best  on  lighter,  rich,  well- 
drained  loams  and  is  adapted  to  many  sandy  soils.  It  is 
not  adapted  to  wet  soils  or  heavy  clays.  For  best  re- 
sults the  preparation  of  the  soil  should  be  the  same 
as  for  wheat  (p.  582)  ;  it  repays  good  culture. 

(3)  Fertilisers. — Commonly,  fertilizers  are  not  used 
extensively  with  rye  but  their  use  will  often  be  found 
profitable.  The  same  treatment  applies  as  to  wheat.  Ex- 
cessive application  of  nitrogen  is  to  be  avoided,  because 
it  results  in  early  lodging,  discolored  straw,  and  shrunken 
grain. 

(4)  Seeding. — ^Winter  rye  is  generally  used;  the  seeding 
is  made  at  a  time  in  the  fall  early  enough  to  enable  the 
crop  to  get  a  good  start  before  winter,  especially  on  poor 
soils.     Light  soils  may  be  rolled  after  seeding.     Drilling 
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seed  is  better  than  broadcasting.    On  poor  soils  one  uses 
3  to  4  pecks  of  seed  and  twice  as  much  on  better  soils. 

Rye  as  green-forage  crop  possesses  several  marked  ad- 
vantages ;  it  is  hardy,  produces  rapid  growth  early  in  sea- 
son ahead  of  other  crops  and  is  very  palatable.  In  the 
South,  it  furnishes  3  or  4  cuttings  during  fall  and  winter. 
The  soil  should  be  prepared  the  same  as  when  grown 
for  grain.  The  treatment  with  fertilizers  is  the  same  as 
for   wheat  grown   as  green   forage    (p.   584).   genemus 
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nitrogenous  fertilizing  being  desirable,  especially  in  early 
spring.  In  seeding  for  forage,  2  to  3  bushels  of  seed 
should  be  used. 

Rye  may  be  used  as  pasturage.  It  may  be  used  for  light 
early  spring  pasturage,  or,  when  started  early  enough, 
for  light  fall  pasturage,  without  injuring  the  crop  for 
grain.  Rye  i?  used  sometimes  as  ensilage,  being  cut  when 
headed   nut   fully,   and   allowed   to   wilt   slightly  before 
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putting  in  silo.  When  cut  just  before  full  heading  out« 
it  makes  good  hay,  if  cured  properly. 

Rye  as  green-crop  manure. — Rye  is  of  special  value  as 
a  cover-crop  for  fall  and  winter  use.  It  has  the  ad- 
vantages (a)  of  being  adapted  to  .use  late  in  the  season 
following  other  crops,  (b)  of  growing  rapidly,  (c)  of 
being  hardy  in  winter  and  (d)  of  making  rapid  growth 
in  early  spring,  which  can  be  plowed  under  in  time  for 
the  use  of  various  crops,  such  as  potatoes,  corn,  etc.  In 
the  North,  it  can  be  utilized  as  a  cover-crop  in  cornfields, 
furnishing  late  fall  and  early  spring  pasturage,  after 
which  it  can  be  turned  under  as  green  manure.  While 
it  is  useful  in  furnishing  organic  matter  to  soils,  it  does 
not,  like  clover  and  other  leguminous  crops,  make  use  of 
atmospheric  nitrogen ;  it  gives  back  to  the  soil  only  the 
plant-food  constituents  that  it  has  used  in  its  growth. 
It  is  of  special  value  in  furnishing  organic  matter  on 
poor,  light  soils  where  leguminous  crops  do  not  grow, 
and  is  often  so  used  as  a  preliminary  step  in  preparing 
such  a  soil  for  the  subsequent  growth  of  a  leguminous 
crop. 

Oats. — ^The  oat  crop,  besides  its  value  for  grain,  makes 
excellent  green  forage  and  hay.  Oats  are  g^own  with 
peas  or  vetch  for  forage.  The  oat  crop  is  adapted  to  a 
cooler  climate  than  is  corn,  wheat  or  barley.  The  oat 
crop  requires  much  water  and  is  therefore  adapted  to 
a  moist  climate.  The  growth  of  the  crop  is  rapid  and  the 
amount  of  straw  in  relation  to  grain  is  large  in  compar- 
ison with  wheat,  rye,  etc. 

(i)  Crop-rotations  for  oats. — ^The  following  rotations 
serve  to  illustrate  different  forms  that  are  typical  in 
different  sections : 

(a)  Four  to  five  years:  Corn,  i  year;  oats,  I  year; 
wheat,  I  year ;  timothy  and  red  clover,  i  to  2  years.  Used 
in  winter-wheat  sections. 

(b)  Three  to  six  years:  Corn,  i  to  2  years;  oats,  I 
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year ;  timothy  and  red  clover,  i  to  3  years.   Used  in  com- 
growing  sections  that  are  not  adapted  to  wheat. 

(c)  Three  to  four  years:  Corn  with  cowpeas,  grown 
between  rows  and  harvested  for  grain,  i  year;  oats,  fol- 
lowed by  cowpeas  used  as  hay,  I  year;  cotton,  i  to  2 
years. 

(2)  Soil  and  preparation, — ^The  character  of  the  soil  may 
vary  much  more  for  oats  than  for  any  other  cereal.  In 
general,  the  soil  should  be  fairly  moist.  While  best  crops 
are  obtained  on  well-drained,  rich  clay  loams,  crops  can 
be  grown  on  poor  clays,  sandy  loams  and  peaty  soils. 
Abundance  of  organic  matter  is  necessary  to  hold  mois- 
ture. Light,  warm  soils  that  heat  Tip  easily  and  lose 
moisture  rapidly  are  undesirable.  When  oats  follow 
corn,  the  soil  is  often  only  harrowed;  but  plowing  is 
necessary  for  compact  soils.  On  light,  dry  soils,  rolling 
may  be  needed,  followed  by  light  cultivation.  In  order 
to  get  the  crop  in  as  early  as  possible  in  spring,  fall  plow- 
ing is  desirable.  The  soil  should  be  in  good  tilth,  what- 
ever method  is  used  in  preparing  it. 

(3)  Fertilisers. — When  the  oat  crop  is  fed  heavily,  espe- 
cially with  nitrogen,  the  growth  of  straw  is  excessive, 
and  the  yield  of  grain  is  less  and  of  inferior  quality.  When 
oats  follow  corn  on  rich  soil  which  has  been  liberally 
treated  with  farm  manure  or  green-crop  manure,  gener- 
ally no  fertilizer  is  applied,  especially  if  any  has  been 
used  for  the  corn  crop  along  with  farm  manure  or  green 
manure.  Ordinarily,  it  may  be  well  to  apply  at  the  time 
of  seeding  200  or  300  pounds  of  Mixture  No.  5  (p.  577) 
especially  when  timothy  and  clover  are  seeded  with  it. 
On  poor  soils,  deficient  in  organic  matter,  8  to  10  tons  of 
farm  manure  can  be  used  per  acre,  or  250  to  500  pounds 
of  Mixture  No.  6  (p.  578). 

(4)  Seeding. — In  the  North,  seed  is  sown  as  early  in  the 
spring  as  possible.    The  amount  of  seed  sown  is  usually 
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2  to  3  bushels.  It  is  ordinarily  covered  I  to  2  inches 
deep. 

In  the  South  oats  are  sown  in  the  fall  and  extensively- 
grown  as  a  winter  crop,  for  which  they  are  especially 
valuable,  serving  as  a  cover-crop  to  prevent  soil  wash- 
ing, and  furnishing  grain  and  green  forage.  When  thus 
grown,  top-dressing  with  about  lOO  pounds  of  sodium 
nitrate  in  spring  is  usually  advised. 

Oats  as  green-forage  crop. — The  oat  crop  is  well 
adapted  for  use  as  green  forage  and  for  hay.  For  this 
purpose,  rich  loams  well  supplied  with  organic  matter 
give  best  yields.  When  grown  for  green  forage,  the  oat 
crop  should  be  liberally  fertilized,  more  nitrogen  being 
used  than  for  grain.  An  application  of  250  to  500  pounds 
of  Mixture  No.  7  (p.  580),  can  be  used  per  acre.  The 
crop  is  best  for  green  forage  when  the  oat  grain  is  in 
milk-stage.  In  cool,  moist  seasons,  the  oat  crop  furnishes 
a  continuous  supply  of  green  forage  when  one  makes  a 
series  of  sowings  about  2  weeks  apart. 

Oats  and  peas  as  green-forage  crop. — Oats  and  Canada 
field  peas  grown  together  make  a  very  satisfactory  green- 
forage  crop,  as  well  as  being  useful  for  hay,  if  desired. 
The  soil  is  prepared  so  as  to  be  fine  and  mellow  to  a  con- 
siderable depth.  Applications  of  plant-food  may  be  used 
in  the  form  of  farm  manure,  8  to  10  tons  an  acre,  or  200 
to  400  pounds  Mixture  No.  2  (p.  543).  The  soil  needs  an 
abundance  of  organic  matter  and  calcium  carbonate.  The 
amount  of  seed  to  use  varies  from  i  to  2  bushels  of  each 
per  acre,  but  a  great  variety  of  proportions  is  used,  ac- 
cording to  individual  conditions  and  preferences.  The 
seed  should  be  put  in  as  early  as  possible  in  spring,  being 
uniformly  distributed.  The  best  time  for  use  as  forage, 
is  when  the  oat-grain  is  in  the  milk  stage  and  the  peas 
are  forming  pods.  When  made  into  hay,  it  is  cut  at 
the  same  stage. 

Barley  possesses  several  marked  characteristics  that 


590  PBRTILIZERS  AND  CROPS 

distinguish  it  in  certain  ways  from  other  cereal  crops.    It 
grows  under  a  wide  range  of  climatic  conditions;  it  can 
grow  with  a  smaller  supply  of  moisture  than  any  other 
cereal.    Though  best  adapted  to  a  warm,  dry  climate,  it 
grows  well  under  other  conditions.    Barley  is  grown  for 
grain,  as  green   forage,  pasturage   and   nurse-crop   for 
alfalfa,  clovers  and  grasses.    It  is  used  as  a  grain  for  two 
chief     purposes,     as     a     cattle 
food  and  for  malting  purposes 
in  connection  with  the  manufac^ 
ture  of  mahed  beverages.  When 
used    for    malting,    the    grain 
should  have  a  high  percentage  of 
starch    and    a    low    amount   of 
nitr<^en  compounds;  the  grains 
should  be  uniform  in  ripeness, 
size  and  variety,  conditions  that 
are    essential    to    the    requisite 
ability  to  germinate  completely, 
evenly  and  quickly.  For  malting 
purposes,  the  grain  must  not  be 
discolored,  which  is  controlled 
largely     by    harvesting    before 
ripening  has  gone  too  far.    Bar- 
ley crops  are  more  easily  mjured  by  dew,  rain  or  sunshine 
than  other  cereals. 

(i)  Crop-rotations  for  barley. — Barley  crops  cannot  be 
maintained  continuously  on  the  same  soil  as  well  as  other 
cereals,  and  care  is  required  to  grow  it  in  rotation.  It 
often  replaces  wheat  or  oats.  The  following  illustrate 
common  rotations: 

(a)  Three  to  four  years:  Corn,  i  year;  barley,  I  year; 
oats,  I  year,  or  timothy  and  clover,  I  to  2  years. 

(b)  Four  to  five  years:  Corn,  I  year;  barley,  I  year; 
nrheat,  l  year;  clover  or  clover  and  timothy,  I  to  3  years. 

(?)  So^  and  preparation. — Barley  is  more  sensitive  to 
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the  character  of  soil  than  are  other  cereals.  Sandy,  well- 
drained  soils  are  better  than  heavy  clays  or  soils  not  well- 
drained.  A  fertile  soil,  not  supplied  with  an  excess  of 
easily  available  nitrogen,  is  best,  especially  for  malting 
barley.  It  is  more  important  than  for  other  cereals  that 
the  seed-bed  be  mellow  and  deep,  in  order  to  permit  rapid 
root  growth  and  to  make  available  the  plant-food  supply 
hi  the  upper  layer  of  soil. 

(3)  Fertilizers. — The  general  use  of  fertilizers,  as  given 
in  connection  with  wheat  (p.  582),  applies  to  barley.  It 
is  best  to  apply  farm-manure  to  a  corn  crop  preceding 
barley  and,  if  more  plant-food  is  needed,  to  apply  the 
plant-food  mixture  as  directed  above.  The  short  period 
of  growth  and  limited  range  of  the  root  system  require 
that  the  plant-food  should  be  in  readily  available  condi- 
tion. When  grown  for  feeding  purposes,  larger  amounts 
of  nitrogen  can  be  used;  but  when  grown  for  malting 
purposes,  less  nitrogen  and  more  potassium  can  be  sup- 
plied in  order  to  promote  the  production  of  starch.  Ex- 
periments indicate  that  when  materials  which  change  in- 
soluble into  soluble  potassium  compounds  are  applied  to 
a  soil  rich  in  potassium  the  barley  crop  is  beneficially 
affected.  Favorable  results  following  the  application  of 
300  to  400  pounds  of  salt  per  acre  may  be  explained  in  this 
way.  An  abundance  of  calcium  carbonate  in  the  soil  has 
a  beneficial  effect,  in  part,  for  the  same  reason. 

(4).  Seeding, — The  grain  should  be  put  in  generally  be- 
tween the  time  of  sowing  spring  wheat  and  oats  in  the 
North.  The  amount  of  seed  most  commonly  used  varies 
from  2  to  2)4  bushels. 

Barley  as  a  green-forage  crop. — In  many  of  the  north- 
ern states,  barley  makes  an  excellent  late-fall  forage  crop. 
The  conditions  required  to  grow  oats  as  a  forage  crop 
apply  to  barley.  It  is  sown  about  the  middle  of  August, 
2  to  2j4  bushels  of  seed  being  used.  The  growth  may 
also  be  vsed  as  a  late  fall  pasture.    In  th^  South,  barley 
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is  sown  in  September  or  October  and  used  as  fall  and 
spring  pasture  or  as  winter  pasture.  Good  grain  crops 
may  be  obtained  even  after  considerable  pasturage. 

Barley  and  peas  as  green-forage  crop. — Barley  grown 
in  combination  with  Canada  field  peas  furnishes  excellent 
late  forage.   About  lyi  bushels  of  each  are  used  for  seed- 
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ing  during  the  first  half  of  August,  other  conditions  be- 
ing observed  as  in  case  of  oats  and  peas  (p.  589). 

Barley  as  a  nurse-crop. — Barley  has  been  found  ex- 
tremely useful  as  a  nnrse-crop  in  starting  seedings  of 
alfalfa,  clovers  and  grasses.  It  possesses  several  ad- 
vantages for  this  purpose :  ( i )  It  seldom  lodges ;  (2)  the 
stems  are  shorter  and  less  leafy  than  in  case  of  other 
cereals,  thus  admittinfj  sunlight  and  air;  (3)  it  uses 
smaller  amounts  of  water  than  other  cereals.    When  bar- 
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ley  IS  used  as  a  nurse-crop  one  sows  from  3  to  4  pecks  of 
seed  per  acre. 

Buckwheat  grows  at  higher  altitudes  than  in  case  of 
any  other  cereal  and  more  is  grown  in  higher  latitudes 
than  in  case  of  other  cereals.  Its  season  of  growth,  8 
to  10  weeks,  is  the  shortest  of  the  cereals.  It  does  best 
in  a  cool,  moist  climate,  its  yield  being  seriously  de- 
creased by  hot,  dry  weather.  It  is  injured  by  frost.  It 
is  grown  largely  for  the  grain,  but  to  some  extent  as  a 
green-crop  manure. 

(i)  Crop-rotations  for  buckwheat. — Ordinarily  no  special 
rotation  is  observed  in  growing  buckwheat,  because  it  is 
commonly  grown  on  the  least  valuable  land,  or  for  the 
purpose  of  taking  the  place  of  some  other  crop  that  has 
failed.  BuckwJieat  leaves  the  soil  in  very  mellow  con- 
dition and  for  this  reason  is  often  followed  by  potatoes. 
The  following  rotation  is  adapted  to  the  growing  of  buck- 
wheat : 

First  year,  clover,  the  first  growth  being  cut  and  then 
plowed  for  buckwheat ;  second  year,  potatoes ;  third  year, 
oats  or  wheat  seeded  with  clover. 

(2)  Soil  and  preparation. — Buckwheat  does  best  on  some- 
what sandy,  -well-drained  land,  but  can  be  grown  on 
heavy  clays  and  even  wet  soils,  though  not  to  good  ad- 
vantage. The  crop  can  mature  on  very  poor  soils,  and  it 
is  therefore  often  relegated  to  the  poorest  and  worst- 
tilled  portions  of  a  farm.  Buckwheat  will  respond  profit- 
ably to  better  treatment.  For  good  crops,  the  land 
should  be  plowed  and  treated  as  for  other  cereals;  early 
and  thorough  preparation  will  be  repaid.  This  is,  of 
course,  not  practicable  when  the  crop  is  put  in  to  take  the 
place  of  some  other  crop  that  has  failed. 

(3)  Fertilizers. — Buckwheat  lodges  badly  on  soils  that 
are  richly  supplied  with  nitrogen.  It  responds  well  to 
applications  of  phosphorus  and  potassium.  Since  its 
growth  occurs  mostly  during  July  and  August,  when 
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nitrification  is  taking  place  most  rapidly,  little  or  no 
nitrogen  need  be  supplied  on  soils  containing  fair 
amounts  of  organic  matter.  On  light,  poor  soils,  deficient 
in  organic  matter,  4  to  6  tons  of  farm  manure  can  be  used ; 
but,  in  general,  farm  manure  is  best  applied  to  some 
preceding  crop.  On  ordinary  soils  an  application  of  200 
to  300  pounds  per  acre  of  Mixture  No.  5  or  No.  6  (pp.  577- 
578)  should  prove  beneficial.  When  buckwheat  follows 
clover,  a  mixture  consisting  of  200  pounds  per  acre  of  acid 
phosphate  and  50  pounds  of  potassium  chloride  is  su^ested. 

(4)  Seeding. — The  usual  time  of  seeding  is  July  15  to 
August  15,  though  it  may  be  put  in  any  time  from  May 
to  August.  The  amount  of  seed  used  varies  from  2  to  5 
pecks ;  it  is  covered  2  to  3  inches  deep. 

Buckwheat  as  a  green-crop  manure. — Buckwheat  pos- 
sesses some  qualifications  which  fit  it  very  well  as  a 
green-crop  manure  under  some  conditions.  It  grows 
rapidly,  takes  up  considerable  amounts  of  plant-food 
materials  from  the  soil  and,  when  plowed  under,  decom- 
poses easily.  If  desired,  two  crops  can  be  grown  in  one 
season.  It  cannot,  however,  like  leguminous  crops,  make 
use  of  atmospheric  nitrogen  and,  therefore,  returns  no 
more  plant-food  than  it  takes  from  the  soil.  Its  special 
use  as  a  green-crop  manure  is  on  soils  too  poor  to  raise 
any  other  crop;  it  is  often  useful  in  furnishing  organic 
matter  to  poor,  sandy  soils  where  clover  fails  to  grow. 
It  also  serves  well  as  a  cover-crop  on  soils  that  would 
otherwise  lie  bare  during  the  latter  part  of  the  season 
after  July.  When  used  as  a  green-crop  manure,  it  is  pref- 
erably plowed  under  about  the  time  it  begins  to  blossom. 

Millet  is  used  in  this  country  most  largely  as  a  green- 
forage  crop,  but  to  some  extent  as  hay  and  as  a  cover- 
crop.  It  is  adapted  to  hot  weather,  resisting  drouth  well. 
Under  favorable  conditions  of  moisture  and  warmth,  the 
crop  is  ready  to  cut  for  forage  in  6  to  10  weeks.  It  is 
easily  killed  by  frost.    It  has  been  found  useful.as  aj:rop 
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to  put  on  new  lands  and  also  as  a  means  of  overcoming' 
weeds,  especially  during  hot  weather. 

(i)  SoU  and  preparation. — Millet  does  best  on  rich,  mel- 
low, well-drained  sandy  loams.  It  can  grow  fairly  on 
rather  poor  soils.  On  heavy  clays  or  wet  soils,  it  does 
not  grow  well.  The  soil  should  be  given  very  careful 
preparation,  much  as  for  barley,  the  seed-bed  being  made 
mellow  to  a  considerable  depth  in  order  to  enable  the 
shallow  rootlets  to  range  easily  for  food. 

(2)  Fertilisers. — Millet  is  distinctly  a  surface  feeder.  A 
good  crop  draws  large  amounts  of  plant-food  from  a 
rather  limited  layer  of  soil  and 

often  reduces  the  supply  of 
available  plant-food  in  this  layer 
to  such  an  extent  as  to  affect  the 
next  crop  unfavorably,  unless 
heavily  fed.  When  obtainable, 
10  to  12  tons  of  well-decom|K>sed 
farm  manure  should  be  worked 
into  the  soil  after  plowing.  When 
commercial  fertilizers  are  de- 
pended upon  wholly,  an  applica- 
tion per  acre  can  be  made  of  250 
to  500  pounds  of  Mixture  No. 
5orNo.6  (pp.  577-578). 

(3)  Seeding.— Oviing  to  the  Root  system  of  sorghum, 
sensitiveness  of  millet  to  cold,  75  days  after  planting, 
seeding  should  be  delayed  until  Kansas  Station. 
danger  of  frost  is  passed.  This  will  ordinarily  be  after  May 
15  in  the  North;  from  then  on  until  July  will  be  a  favorable 
time  for  seeding.  The  amount  of  seed  used  varies  com- 
monly from  2  to  4  pecks. 

Millet  as  a  cover-crop. — Millet  can  be  put  in  as  a  cover- 
crop  after  rye  or  other  early  ripening  crop,  or  when  the 
hay  crop  fails.  It  can  be  started  when  it  is  too  late  to 
grow  com. 
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Sorghum  grows  wherever  corn  grows ;  but  It  does  bet- 
ter on  poor  soils  and  with  much  less  moisture  than  com. 
The  sweet  varieties  are  used  largely  as  forage  in  dry 
regions  and  it  is  grown  also  to  some  extent  for  the  pur- 
pose of  making  sugar  and  syrup.  In  nearly  all  respects 
the  raising  of  sorghum  for  forage  is  essentially  the  same 
as  that  of  corn  for  the  same  purpose.  Sorghum  needs 
more  attention  in  relation  to  weeds  than  corn,  since  its 
early  growth  is  very  slow.  For  this  reason,  it  is  well  to 
have  it  follow  a  cultivated  crop.  For  forage,  the  seed 
can  be  sown  broadcast,  using  20  to  25  pounds  an  acre,  or 
seeded  in  rows  at  the  rate  of  10  to  12  pounds  an  acre.  The 
crop  should  be  liberally  fed,  using  6  to  8  tons  of  well- 
decomposed  farm  manure  per  acre,  well  worked  into  the 
soil  and  200  to  300  pounds  of  Mixture  No.  5  (p.  577). 

When  sorghum  is  grown  for  sugar  or  syrup,  400  to  60O 
pounds  of  Mixture  No.  5  can  be  applied. 
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Table  59 — ^Approximate  Amounts  of  Plant-Food  Con- 
stituents IN  One  Crop 


Crop 

portion  of 
crop 

Yield 
per  acre 

Nitrogen 

Phosphoric  acid 
(P2O5) 

Potash 
(K2O) 

Com 

Grain 
Stalks.  &c. 
Cobs 

Green 
forage 

25  bu. 
1500  lbs. 
250    " 

Lbs. 

23.2 

15.0 

1.0 

39.2 

60.0 

Lks. 

9.1  (  4.  P) 
4.5  (  2.  P) 
0.2  (  O.IP) 

13.8  (  6.1P) 

26.0(il.4P) 

Lbs. 

5.5  (  4.6^ 

21.0(17.4^ 

1.1  (  0.9K) 

27.6  (22.9K) 

20000  lbs. 

66.0  (55.  K) 

Wheat  .... 

Grain 

Straw 

25  bu. 
2500  lbs. 

30.0 
12.5 

42.5 

12.8  (  5.6P) 
3.8  (  1.7P) 

6.0  (  5.  IQ 
15.0  (12.5^ 

16.6  (7.3P)     '     21.0(17.SK) 

Rye 

Grain 
Straw 

Green 

forage 

20  bu. 
2000  lbs. 

19.1 
10.0 

29.1 

67.5 

9.8  V  4.3?) 

6.0  (  2.0P) 

15.8  (  6.9P) 
30.0  (13.2P) 

6.7  (  5.610 
17.0(14.119 

23.7  (19.7K) 

15000  lbs. 

97.5  (81.  K) 

Oats 

Grain 
Straw 

Green 
forage 

25  bu. 
1250  lbs. 

16.0 
8.0 

24.0 

72.0 

6,Z  (  2.9P) 

2.r:  i.iP) 

4.3  (  4.  K) 

15.6  (13.  K) 

9.0  (  4.  P) 
18.0  (  8.  P) 

20.4  (17.  E) 

12000  lbs. 

54.0  (4-'.8K) 

Barley...*.. 

Grain 

Straw 

Green 

forage 

25  bu. 
1600  lbs. 

21.0 
9.6 

30.6 

40.0 

9.0  (  4.  P) 
3.2  (  1.4P) 

[12.2  (  5.4P) 

6.0  r  5.  io 

17.6  (14.6K) 

23.6  (19.6K) 

10000  lbs. 

15.0  (  6.6P)            50.0  (41.5K) 

Buckwheat 

Grain 

Straw 

Green 

crop 

20  bu. 
5000  lbs. 

15.0 
62.5 

77.5 

40.0 

6.0  (  2.6P)             3.0  (  2.5K) 
7.5  (  3.3P)           57.5  (47.7K) 

13.5  (  5.9P)           60.5  (50.2K) 

10000  lbs. 

8.    (  3.5P)     ^     3Si)  {:?.  K) 

Millet  .... 

Green 
forage 

20000  lbs. 

60.0 

20.0  (  8.SP) 

100.0  (83.  K) 

Sorghum  . . 

Green 
forage 

20000  lbs. 

60.0 

24.0  (10.6P) 

60.0  (49.8K> 

P.  vhoaphonaMm       K,  potasBiunu. 


CHAPTER  XXXI 

TUBER  AND  ROOT  CROPS 

The  craps  to  be  considered  in  this  chapter  are  the  follow- 
ing: (l)  Potatoes,  (2)  sweet  potatoes,  (3)  beets,  (4)  tur- 
"Jps>  (5)  carrots,  (6)  parsnips,  (7)  radishes,  (8)  salsify. 

These  crops  are  used  largely  as  human  food,  but  to  some 
extent  as  food  for  farm  animals.  They  possess  certain  char- 
acteristics in  common  which  distinguish  them  from  cereals, 
especially  in  their  relations  to  plant-food.  In  the  first  place 
the  character  of  root  growth  is  such  that  these  crops  are  not 
commonly  regarded  as  strong  feeders;  that  is,  the  root 
system  of  each  plant  does  not  range  widely  through  the  soil 
and,  in  consequence,  the  plant-food  supply  within  reach  is 
less  than  in  case  of  plants  whose  roots  have  an  extensive 
reach.  A  supply  of  readily  available  plant-food  in  the 
neighborhood  of  the  growing  roots,  therefore,  meets  with 
prompt  response.  In  most  cases,  it  is  desirable  that  the  soil 
shall  be  mellow  to  a  much  greater  depth  than  for  cereals  in 
order  to  permit  the  root  to  go  down  as  deeply  as  possible 
in  its  reaching  after  food.  In  the  second  place,  the  food 
product  that  is  most  characteristic  of  these  crops  is  carbo- 
hydrate material,  especially  starch  and  sugar.  As  already 
pointed  out  (p.  73),  such  crops  use  relatively  large  amounts 
of  potassium.  Many  of  the  crops  have  a  growing  season  of 
good  length  and  can  utilize  organic  nitrogen  compounds. 
While  the  percentages  of  plant-food  constituents  are  not 
large  in  these  crops,  the  yields  are  heavy  and  therefore  the 
amounts  of  plant-food  contained  in  the  crop  grown  on  an 
acre  are  large  in  the  aggregate  as  compared  with  many  other 
crops. 

Potatoes. — ^Though  potatoes  grow  best  in  moderately 
moist,  cool  climates,  they  do  well  under  a  great  variety  of 
climatic  conditions  and  are  widely  distributed. 

688 
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(l)  Crop-rotations  for  potatoes. — Crop-rotations  are 
essential  for  best  results  with  potatoes  for  several  reasons, 
and  especially  because,  when  grown  continuously  on  the  same 
soil,  they  are  subject  to  the  scab  and  other  diseases.  They 
do  especially  well  after  clover  or  cowpeas.  The  following 
rotations  are  given  as  illustrations : 

(a)  Three  years:  Winter  wheat  seeded  to  clover  in 
spring,  1  year;  clover,  hay  and  green-manure,  i  year;  pota- 
toes, I  year. 
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Comparison  of  potassium  sulphate  and  cliloride  (muriate).   Under 
ihe  conditions  of  the  experiment,  sulphate  gave  255  bushels  per  acre. 
■   i,  204  bushels.    Massachusetts  Station. 


(b)  Four  years:  Rye,  seeded  with  clover  and  timothy, 
I  year ;  hay,  i  year ;  potatoes,  i  year ;  oats  or  barley,  i  year. 

(c)  Four  years:  Wheat  seeded  with  clover,  i  year; 
clover  hay  and  green-crop  manure,  i  year ;  potatoes,  i  year ; 
beans,  i  year. 

In  case  of  long  seasons,  potatoes  often  follow  some  early 
crop,  or  are  put  in  as  an  early  crop  and  followed  by  some- 
thing eUc. 
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(2)  Soil  and  preparation. — While  potatoes  do  well  on 
many  kinds  of  soil,  they  do  best  on  ridi,  well-drained,  sandy 
loams  containing  an  abundance  of  organic  matter,  A\'hen 
grown  on  heavy  soils  not  well  drained,  the  tendency  is  for 
the  production  of  excessively  watery  tubers  of  undesirable 
quality.  The  soil  should  be  mellow,  deep  and  porous.  It  is 
desirable  that  heavy  soils  be  plowed  in  the  fall.  Deep  plow- 
ing is  advisable,  since  the  roots  feed  well  down  in  the  soil 
if  they  are  given  a  chance. 

(3)  Fertilizers. — In  discussing 
the  use  of  fertilizers  for  potato 
crops,  we  must  take  into  consid- 
eration (a)  the  amount  of  organic 
matter  in  the  soil,  (b)  the  time  of 
season  during  which  the  crop  is 
grown,  (c)  the  quality  of  the  crop, 
(d)  the  time  and  manner  of  ap- 
plication, and  (e)  the  amount  of 
plant-food  constituents  to  use 

(a)  Amount  of  organic  matter 
in  soil.  In  soils  already  contain- 
ing an  abundance  of  organic  mat- 
ter, whether  furnished  by  farm 
or  green-crop  manure,  only  appli- 
cation of  commercial  plant-food 
constituents  needs  to  be  considered.  However,  in  soils  not 
well  supplied,  organic  matter  is  furnished  by  farm  manure 
or  green-crop  manurer  preferably  leguminous,  according  to 
the  special  conditions  on  each  farm.  When  farm  manure 
is  available  and  is  not  preferred  for  some  other  crop,  it  is 
applied  at  the  rate  of  lO  to  12  tons  an  acre;  if  fresh  and 
coarse,  it  is  better  to  apply  it  in  the  fall  and  plow  in,  but,  if 
well-decomposed,  it  can  be  applied  in  the  spring  to  the 
plowed  ground  and  thoroughly  harrowed  in.  When  farm 
manure  is  used  in  larger  amounts,  it  is  regarded  as  better 
practice  to  apply  it  to  corn  or  clover  or  grass  and  then  follow 
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With  the  potato  crop,  since  the  direct  application  of  farm 
manure  favors  the  growth  of  scab  on  tubers. 

(b)  Early  and  late  potato  crops.  Early  potatoes  require 
liberal  amounts  of  plant-food  and  respond  well  in  yield  even 
on  fertile  soils  to  generous  applications  of  available  plant- 
food  constituents.  It  must  be  kept  in  mind  that  the  grow- 
ing season  of  the  early  crop  is  desired  to  he  short,  and  much 
of  the  growth  therefore  comes  before  nitrification  and  other 
processes  that  make  the  soil's  plant-food  available  have 
reached  their  most  extensive  activity  and  produced  their 
greatest  effects.  Therefore,  the  forms  of  plant-food  applied 
should  be  those  readily  available.  In  the  case  of  late  pota- 
toes, the  growing  period  is  more  prolonged  and  comes  during 
the  portion  of  the  season  when  the  unavailable  plant^food  in 
the  soil  is  being  most  rapidly  converted  into  available  condi- 
tion. Therefore,  those  forms  of  plant-food  constituents, 
especially  nitrogen,  can  be  used  which  become  available 
gradually;  for  example,  in  the  case  of  early  potatoes,  the 
nitrogen  applied  is  preferably  in  the  form  of  nitrate  for  the 
most  part,  while,  in  the  case  of  late  potatoes,  it  may  be  dis- 
tributed in  the  forms  of  nitrate,  ammonia  and  organic  nitro- 
gen, such  as  sodium  nitrate,  ammonium  sulphate,  tankage» 
dried  blood,  or  cottonseed-meal  or  fish-scrap,  etc. 

(c)  The  quality  of  the  crop.  There  has  been  some  experi- 
mental work  done  in  relation  to  the  much-discussed  point 
as  to  the  effect  of  potassium  sulphate,  as  compared  with  the 
chloride,  on  the  quality  of  potato  tubers.  In  respect  to  yield, 
results  may  not  vary  much,  whichever  compound  is  used; 
but  experiments  show  that  in  some  cases  sulphate  gives 
larger  yields.  So  far  as  present  knowledge  goes,  the  use  of 
potassium  chloride,  especially  on  clay  soils,  appears  to  favor 
a  larger  percentage  of  water  in  the  potatoes  than  when  sul- 
phate is  applied.  On  lighter  soils,  there  appears  to  be  little 
or  no  appreciable  difference.  It  is  said,  however,  that  the 
use  of  sulphate  produces  tubers  of  cleaner  appearance  and 
more  uniform  size.  On  heavy  or  moist  soils,  it  is,  therefore, 
well  to  take  the  precaution  of  using  the  sulphate. 
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(d)  Time  and  manner  of  appUcaticm.  When  large 
amounts  of  commercial  fertilizers  are  used  for  potatoes, 
there  is  serious  danger  of  injuring  the  seed,  especially  if  all 
the  fertilizer  is  put  in  the  row  at  the  time  of  planting.  In 
the  writer's  experience,  applications  of  over  i,ooo  pounds 
an  acre  are  very  apt  to  work  injury  in  this  way.  The  best 
method,  on  the  whole,  of  applying  large  amounts  is  to  dis- 
tribute broadcast  one-half,  or  two-thirds  in  case  Of  very 
large  amounts,  and  work  this  into  the  soil  thoroughly  before 
planting  and  then,  at  the  time  of  planting,  put  the  rest  in 
the  row.  Under  ordinary  conditions,  it  is  suggested  that 
not  over  500  pounds  per  acre  be  put  in  the  row  tmless  it  is 
kept  from  direct  contact  with  the  seed-potatoes*  Some 
growers  put  one-half  in  the  row  at  planting  and  one-half 
as  a  top-dressing  along  the  rows  when  the  plants  are  2  to  4 
inches  high,  using  special  machinery  for  applying  and  cov- 
ering. 

(e)  The  amount  of  plant-food  constituents  to  use.  The 
general  rule  among  potato  growers,  especially  on  light  soils, 
has  been  to  make  large  applications  of  high-grade  fertilizers, 
for  example,  from  1,000  to  2,000  pounds  per  acre  of  a  fer- 
tilizer containing  4  per  cent  of  nitrogen,  8  of  available  phos- 
phoric acid  (3.5  P)  and  10  of  potash  (8.3  K),  equal  to  40 
to  80  pounds  of  nitrogen,  80  to  160  pounds  of  available  phos- 
phoric acid  (35  to  70  P)  and  100  to  200  pounds  of  potash 
(83  to  165  K).  Experiments  on  light  loam  indicate  that 
applications  above  1,000  pounds  an  acre  are  less  economical 
than  1,000  pounds  or  less.  While  larger  yields  are  usually 
secured  with  1,500  pounds,  the  increased  -yield  is  not,  in 
general,  enough  to  pay  for  the  fertilizer  used  above  1,000 
pounds ;  and  beyond  this,  the  larger  the  amount  of  fertilizer 
used,  the  smaller  becomes  the  profit  per  acre.  Of  course, 
there  may  be  conditions  which  justify  the  larger  amounts, 
but  before  applying  over  1,000  pounds  an  acre  to  whole 
crops,  it  is  well  to  experiment  with  limited  areas.    It  has 
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ako  been  found  that,  except  on  soils  defident  in  potash*  less 
than  100  pounds  of  potash  an  acre  will  suffice. 
Plant-food  mixture  No.  S^-^For  early  potatoes  and 

garden  crops. 


Sodium  nitrate 2501fa8.(  38Ib8.filtfq0HO 

Ammonium  ■uli>hate 100  **    C  20  **  *^ 

Tankage  (6.5N—9Pj0b) 350  **    (  22  **  **       J 


Add  phosphate 900  **    (126  **  avsllabto  phoephorio  acid  or. 

SSlbt.  P) 
Potassium  sulphate  or  ddoiide    400  **    (200  **  potash,  or  165 lbs.  K) 

This  mixture  oxitains  about  4  per  cent  of  nitrogen,  8 

^f  phosphoric  acid  (3.5  P),  mostly  soluble,  and  10  of  potash 

(8.3  K).    The  availability  of  the  nitrc^en  is  such  that  it  is 

ready  for  use,  part  at  once  and  all  of  it  during  the  growth  of 

the  crop. 

On  soils  in  gcxxi  condition,  it  should  be  used  at  the  rate 
of  500  to  1,000  pounds  an  acre,  furnishing  the  following 
amounts  of  plant-f <xxl : 


!l«Qtrato 10  to   201ba. 

Ammonia..... Sto    10  ** 

Organic Sto   10  ** 

Total  phosphoric  acid 40to   80'*    (18to561bi. 

Available  ittosphoric  add 32  to   64  **    (14  to  28  «* 

Pdtaih 50  to  100  "    (42  to  84  ** 


Plant-food  mixture  No.  9. — For  late  potatoes  and  general 
garden  crops. 

Sodium  nitrate l2SIba.(  20  Iba.  nltroeHO 

Ammonium  sulphaAa 100  **    (  20  **         ** 

Tankage  (6.5N^PlOD 600  **    (  40  *"        *"  ■adSilbl.phoe.add, 

or  24  lbs.  F) 

Add  phosphate 77S  *"    (109  **        *"       svaflabto  phos.  add, 

or481bs.P) 
Potassium  sulphate  or  ddorida    400**    (200**        **      potash,  or  165  lbs.  K) 

On  soils  in  good  condition.  Mixture  No.  9  can  be  used  in 
amounts  from  5(X>  or  600  pounds  up  to  1,000  pounds  an  acre. 
The  nitrogen  is  distributed  in  such  forms  that  only  one- 
fourth  is  immediately  available,  the  other  forms  becoming 
available  during  the  growth  of  the  crop. 

On  soils  known  from  experience  to  contain  considerable 
amounts  of  potassium  compounds,  which  have  been  kept 
well  supplied  with  organic  matter  by  use  of  clover  or  other 
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leguminous  crops,  the  amount  of  potassium  compounds  can 
be  reduced  one-half.  This  is  easily  done  in  case  of  mixtures 
8  and  9  in  the  following  manner :  Use  the  same  amounts 
of  materials  furnishing  nitrogen  and  phosphorus,  but  only 
200  pounds  of  potassium  sulphate  or  chloride,  and  then  add 
200  pounds  of  drier  (p.  480).  The  resulting  mixture  con- 
tains 4  per  cent,  of  nitrogen,  8  of  phosphoric  acid  (3.5  P) 
and  5  of  potash  (4  K). 

It  should  be  added  in  this  connection  that  the  soil  should 
not  be  limed  for  a  potato  crop,  especially  with  slaked-lime 
(calcium  hydroxide)  or  quicklime  (calcium  oxide),  owing 
to  the  tendency  to  produce  scab.  The  application  is  best 
made  for  the  leguminous  crop  in  the  rotation. 

Sweet  potatoes. — In  growing  this  crop,  certain  quali- 
ties of  the  product  must  be  taken  into  consideration.  Watery 
sweet  potatoes  are  undesirable ;  those  of  good  edible  quality 
should  be  mealy  when  cooked.  This  quality  is  the  result  of 
soil  conditions  and  of  plant-food  supply.  From  the  market 
standpoint,  potatoes  of  medium  size  and  well-rounded  shape 
are  preferable  to  those  of  large  size  or  elongated  shape.  The 
crop  is  one  not  grown  on  a  commercial  scale  north  of  New 
Jersey  in  the  eastern  United  States.  The  best  climatic  con- 
ditions are  warmth  and  moisture  during  most  of  the  growth, 
followed  by  moderately  dry  weather  during  the  final  matur- 
ing. 

(i)  Crop-rotations  for  sweet  potatoes. — An  excellent 
preparation  for  a  sweet-potato  crop  is  the  growth  of  some 
crop  like  corn,  tomatoes,  melons,  etc.,  with  which  crimson 
clover  is  seeded  at  the  last  cultivation  and  then  plowed  under 
when  6  to  8  inches  high.  Crimson  clover  can  also  follow 
any  early  crop  for  the  same  purpose. 

(2)  Soil  and  preparation, — Soils  best  adapted  for  sweet 
potatoes  are  well-drained,  porous,  warm  and  sandy.  Good 
drainage  is  very  essential.  Some  clays  that  are  of  highly 
crumbly  structure  and  porous  are  successfully  used.  The 
land  is  plowed  rather  shallow,  usually  5  or  6  inches,  and  at 
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a  time  in  spring  when  it  crumbles  perfectly  under  the  plow 
and  gives  a  fine  tilth  under  the  harrow.  Special  care  is 
required  to  pulverize  the  soil  very  completely  in  case  of  sandy 
soils  containing  enough  clay  to  form  clods  by  baking. 

(3)  Fertilisers. — ^The  use  of  leguminous  crops  to  furnish 
organic  matter,  with  some  nitrogen  and  the  application  of 
commercial  fertilizers,  in  addition,  are  generally  advocated 
as  more  economical  than  the  use  of  farm  manure.  Large 
applications  of  nitrogen,  particularly  as  nitrate,  are  to  be 
avoided,  since  quality  is  impaired,  though  the  yield  is 
increased.  Larger  proportions  of  potassium  in  relation  to 
nitrogen  and  phosphorus  are  generally  used. 

In  the  South  liberal  applications  of  the  following  mixture 
have  been  successfully  used  per  acre : 

Cottonseed-meal 360  lbs.  (containing  about  25  lbs.  of  nitrogen). 

Acid  phosphate 320   "    f       *'  "      45       *'     available  pho8.  add) 

Kainfte... 640  -(       "  "      80       "     potash).*^ 

This  mixture  contains  about  2  per  cent,  of  nitrogen,  3.5 
per  cent,  of  phosphoric  acid  and  6  per  cent,  of  potash,  or, 
figured  on  the  basis  of  4  per  cent,  of  nitrogen,  the  phosphoric 
acid  would  be  about  7  per  cent,  and  the  potash  12. 

In  New  Jersey,  a  similar  formula  is  used,  except  that  the 
amount  of  nitrogen  is  smaller  in  proportion  to  phosphorus 
and  potassium,  the  New  Jersey  formula  containing  3  per 
cent,  of  nitrogen  with  7  of  phosphoric  acid  and  12  of  potash, 
and  in  some  cases  additional  amounts  of  phosphorus  and 
potassium  are  used,  which  increase  the  percentage  of  phos- 
phoric acid  to  8  or  9  per  cent,  and  the  potash  to  12  or  15  per 
cent.,  reducing  the  nitrogen  relatively  to  2  per  cent.  For  a 
fertilizer  containing  3  per  cent,  of  nitrogen,  7.5  of  phosphoric 
acid  and  12  of  potash,  the  following  materials  can  be  used: 


Sodium  nitrate 100  pounds  (  15  pounds  nitrogen] 

Ammonium  sulphate 50       **        (10       "  " 

Dried  blood 350       •*       (35 

Acid  phosphate 1025       "       (150       "       phoephoric  add) 

Potassium  chloride 475       "        (240       *'       potash) 


■1 


Ground   fish,   cottonseed-meal   or   meat-tankage   can   be 
substituted  for  dried  blood;  the  main  purpose  is  to  have 
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only  a  small  part  of  the  nitrogen  immediately  available.  The 
amounts  of  fertilizing  mixtures  applied  vary  from  600 
pounds  per  acre  up. 

It  is  customary  to  apply  the  fertilizer  and  work  it  into  the 
soil  two  or  three  weeks  before  setting  the  plants,  especially 
on  light  soils,  or  when  kainite  is  used.  When  large  amounts, 
1,200  pounds  or  more  per  acre,  are  used,  about  two-thirds 
may  be  applied  in  this  way  and  the  remainder  in  the  furrows 
a  week  or  so  before  setting  plants. 

Beets  are  grown  for  three  general  purposes,  as  a  garden 
crop  for  table  v^e,  as  a  field  crop  for  cattle-food,  and  as  a 
commercial  source  of  sugar.  Different  varieties  are  adapted 
to  the  particular  purpose  for  which  the  crop  is  g^own. 
Beets  do  best  in  cool  climates  with  a  large  amount  of  sun- 
shine, especially  during  the  maturing  period  in  case  of  beets 
grown  for  sugar. 

(i)  Crop-rotations  for  beets. — Beets  do  well  after  such 
crops  as  corn,  cabbage,  wheat,  etc.,  and  also  after  clover. 
For  field-beets  or  sugar-beets,  the  following  rotations  serve 
as  good  illustrations : 

(a)  Four  years:  Corn,  with  heavy  application  of  farm 
manure,  i  year;  beets,  i  year;  oats  or  barley  seeded  with 
clover,  I  year;  clover,  i  year. 

(b)  Five  years:  Wheat,  i  year;  beets,  I  year;  clover, 
one  crop  for  hay  and  one  for  green  manure,  i  year ;  potatoes, 
I  year. 

(2)  5*01/  and  preparation. — Beets  grow  well  on  a  variety 
of  soils,  but  whatever  the  general  character,  it  should  be 
well-drained,  deep  and  mellow.  Generally  speaking,  beets 
grow  well  on  any  soil  good  for  wheat,  com  or  potatoes.  For 
best  results  in  yield,  rich  clay  loams  are  best.  A  fairly  level 
soil  is  desirable,  especially  for  sugar-beets.  Lighter  soils 
mature  the  crop  earlier,  which  is  a  marked  advantage  in  case 
of  early  beets  for  table  use.  It  is  generally  desirable  to  plow 
in  the  fall,  especially  for  early  table-beets  and  in  case  of  soils 
at  all  heavy.    The  plowing  should  be  deep  to  permit  exten- 
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sion  of  feeding  roots  downward.  For  sugar-beets  and  man- 
gels, plowing  should  be  9  inches  deep,  followed  by  a  sub- 
soiler  loosening  the  soil  6  or  7  inches  more.  As  early  in 
spring  as  conditions  permit,  the  soil  is  put  into  fine  tilth  and 
made  mellow  just  before  planting,  for  whatever  purpose 
beets  are  grown, 

{3)  Fertilisers. — The  treatment  with  fertilizers  varies 
materially  according  to  the  end  in  view.  When  farm  manure 
is  obtainable,  it  gives  excellent 
results,  if  properly  used  and  sup- 
plemented with  commercial  fer- 
tilizer. When  heavy  applications 
of  coarse  manure  are  made,  it  is 
better  to  apply  to  a  crop  preced- 
ing or  to  plow  in  during  the  fall 
preceding  the  beet  crop.  On 
rather  heavy  soils,  as  much  as  20 
tons  or  more  an  acre  of  partly 
decomposed  farm  manure  can  be 
applied  just  before  planting  with 
satisfactory  results,  even  on 
sugar-beets,  but  such  treatment 
cannot  be  regarded  as  economi- 
cal under  most  conditions.  When 
farm  manure  is  used,  an  appli- 
cation of  not  more  than  10  or  12 
tons  is  advised  under  ordinary 
circumstances.  The  use  of  com- 
mercial   fertilizers  we  will   take  .^o"'   ^'^'T  ''^  ^ugar-beet. 

,  ,  ,        r  California  Station. 

up  m  connection   with   each   of 

the  special  uses  for  which  the  crop  is  grdwn. 

(a)  Fertilizers  for  early  garden-beets.  In  growing  early 
beets  for  market,  the  chief  aim  is  to  push  the  growth  as 
rapidly  as  possible  and  get  them  into  market  when  prices 
are  highest.  Success  in  accomplishing  this  depends,  othei 
conditions  being  favorable,  upon  a  liberal  supply  of  avail- 
able nitrc^en  and  phosphoru-;      The  earlv  growth  takes 
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place  when  scnl  nitrates  are  usually  at  thdr  lowest  and  before 
their  formation  has  been  actively  renewed  in  spring.  There- 
fore, a  generous  supply  of  nitrate  is  desirable.  At  the  time 
of  planting,  there  should  be  a  good  supply  of  available  nitro- 
gen, phosphorus  and  potassium  within  reach  of  the  young 
plants ;  however,  it  is  better  not  to  apply  at  planting  time  all 
the  nitrate  to  be  used,  but  to  reserve  some  for  several  top- 
dressmgs ;  because,  if  it  were  all  applied  in  the  soil  at  the 
start,  there  would  be  risk  of  considerable  loss  of  nitrate  by 
leaching  (p.  179)  in  case  of  considerable  rainfall,  which  is 
common  at  the  season  when  the  beet  crop  is  getting  started. 
An  application  of  800  to  1,200  pounds  of  Mixture  No.  8 
(p.  603)  at  the  time  of  planting  is  suggested.  After  the 
plants  are  well  started,  there  should  be  surface  applications 
of  50  to  100  pounds  of  nitrate  (p.  532)  about  once  in  ten  days 
for  three  or  four  weeks.  When  earliness  is  not  an  object, 
the  top-dressings  can  be  smaller  or  omitted  altogether.  On 
lighter  soils,  the  first  application  may  be  larger  than  the  one 
given  above. 

(b)  Fertilizers  for  beets  grown  as  cattle-food.  In  grow- 
ing beets  for  this  purpose,  the  chief  object  is  to  obtain  a 
large  yield,  which  depends  on  rapid  and  uninterrupted 
growth.  The  season  of  growth  is  prolonged  and  it  is  there- 
fore not  necessary  to  supply  the  nitrogen  so  largely  in  the 
form  of  nitrate  as  in  the  case  of  early  table-beets.  Mangels 
or  mangel  wurzels,  known  also  as  mangolds,  field-beets  and 
,  cattle-beets,  are  very  extensively  grown  for  cattle-food. 
Sugar-beets  are  also  grown  for  the  same  purpose.  Which- 
ever kind  is  used,  the  plant- food  requirements  are  the  same. 
Farm  manure  can  be  used  to  advantage,  applying  10  to  12 
tons,  and  an  application  of  500  pounds  of  Mixture  No.  g 
(p.  603)  can  be  worked  into  the  soil  just  at  seeding.  On 
light  soilsy  on  which  no  farm  manure  is  used»  800  to  1,000 
potmds  of  Mixture  No.  8  or  No.  9  can  be  used.  Or,  if  pre- 
ferredi  the  foUowing  mixture  can  be  used: 
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Plant-food  mixture  No.  lo. — For  use  on  field-roots. 

Sodium  nitrate 200  lbs.  (  30  lbs.  nitrogen) 

Ammonium  sulphate  . .  50   "     I  10   "         "       ) 

Tankage  (6.5N— 9Ps05)  30C  "    (20  "        *'       and  27  lbs.  phosphoric  add, 

or  12p) 

Acfd  phosphate 950   **    (133    **    available  phosphoric  add,  or  60  lbs.  P) 

potassium  chloiida ...  •  280  "    (140  **    potash,  or  1 16  lbs  K) 

Drier 220  - 

This  mixture  contains  about  3  per  cent,  of  nitrogen,  8  of 
phosphoric  acid  (3.5  P),  mostly  soluble,  and  7  of  potash 
(5.8  K).  The  availability  of  the  nitrogen  is  such  that  it  is 
ready  for  use,  about  one-half  at  once,  and  the  remainder  dur- 
ing the  growing  season.  The  following  mixture  can  be  used 
for  lighter  soils  when  nitrate  is  in  danger  of  loss  by  leadiing 
and  when  bacterial  action  is  sufficient. 

Plant-food  mixture  No.  10  A. 


Sodium  nitrate 100  lbs.  i  15  Ibe.  nitrogen 

Ammonium  sulphate .. .       75    **     (  15    "         "       ) 

Tankaffc(6.5N— 9P806)  500   "     (30   "         "     and  45  lbs.  phosphoric  add,  or  20P) 

Acid  phosphate 825    '*     (115    "     available  phosphoric  add,  or  50  lbS.P) 

Potassium  chloride....  280   "     (140   "     p'Jtash.  or  116K) 

Drier 220   •* 


(c)  Fertilizers  for  sugar-beets.  Sugar-beets,  when  grown 
for  production  of  sugar,  are  valued  according  to  richness  and 
purity  of  sugar  in  the  beets  and  for  the  yield  of  beets  per 
acre;  that  is,  for  the  yield  of  sugar  per  acre.  Excessive 
application  of  nitrogen  produces  increased  yields  of  beets, 
large  in  size,  but  with  decreased  capacity  for  sugar  produc- 
tion; enough  nitrogen,  however,  must  be  used  to  promote 
rapid  growth  early  in  the  season.  In  the  production  of  sugar, 
potassium  is  highly  important  and  on  light  soils  must  be  sup- 
plied in  liberal  amounts.  Well-decomposed  farm  manure  well 
worked  into  the  soil  before  seeding  has  given  excellent 
results,  especially  on  soils  inclined  to  be  at  all  heavy.  An 
abundant  supply  of  quickly  available  phosphoric  acid  is 
essential  for  the  purpose  of  promoting  early,  rapid  growth. 
Phosphoric  acid  is  applied  in  considerably  larger  amounts 
than  analysis  of  the  beet  indicates.  The  formation  of  sugar 
occurs  in  the  latter  part  of  the  growing  season,  and  in  order 
that  this  may  not  be  too  much  delayed,  it  is  important  during 
the  early  stages  of  growth  to  encourage  rapid  and  extensive 
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growth  of  leaves,  since  it  is  through  the  agency  of  the 
leaves  that  sugar  is  formed  (p.  163).  If  slow-acting  forms 
of  nitrogen  are  supplied,  the  vegetative  growth  is  prolonged 
unduly  and  the  process  of  sugar  formation  is  retarded,  so 
that  the  amount  formed  is  apt  to  be  less  than  where  it  begins 
earlier. 

For  the  foregoing  reasons,  plant-food  should  he  supplied 
in  readily  available  forms  and  in  generous  amounts.  These 
requirements  are  met  by  Mixture  No.  8  (p.  603),  of  which 
an  application  of  600  to  1,000  pounds  an  acre  will  not  usually 
be  found  excessive  on  good  soils;  while  on  light  soils  the 
amount  may  be  900  to  1,200  pounds. 

The  plant-food  in  the  fertilizer  will  be  more  economically 
used  if  it  is  applied  in  three  portions,  one-half  being  thor- 
oughly worked  into  the  soil  immediately  before  seeding,  one- 
fourth  after  the  plants  are  up  and  just  before  the  first  culti- 
vation, and  the  remainder  just  before  the  second  cultivation. 
When  applied  in  this  way,  the  danger  of  loss  of  nitrate  by 
leaching  in  case  of  heavy  rainfall  is  diminished,  the  soluble 
phosphate  has  chance  to  reach  the  plant  roots  before  becom- 
ing entirely  reverted,  and  the  direct  action  will  be  apt  to  be 
more  manifest  than  when  all  the  plant-food  is  applied  at 
the  time  of  seeding  or  before. 

(4)  Seeding, — Beet  seeds  are  sown  in  rows,  the  distance 
between  rows  varying  according  to  the  special  purpose  in 
view;  in  case  of  garden-beets,  the  rows  may  be  only  12 
inches  apart,  though  usually  far  enough  to  permit  use  of 
horse-cultivator;  in  case  of  ordinary  field-beets  and  sugar- 
beets,  the  rows  are  18  to  24  inches  apart,  while  with  mangels 
the  distance  may  be  2  to  3  feet.  The  seeds  are  covered 
to  a  depth  var)dng  from  J4  to  Ij4  inches.  The  amount  of 
seed  used  varies  usually  from  5  to  8  pounds  an  acre  for  field- 
beets,  but  from  15  to  20  pounds  for  sugar-beets.  It  is  prefer- 
able to  use  too  much  seed  than  to  have  the  plants  too  thinly 
scattered  in  the  row.  When  the  plants  are  high  enough  to 
handle  easily,  they  are  thinned.  In  case  of  garden-beets,  this 
is  usually  done  when  the  tops  are  large  enough  to  use  as 
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greens  and,  in  case  of  field  and  sugar-beets,  when  four  leaves 
show.  Garden-beets  are  thinned  so  as  to  leave  6  inches 
between  plants;  ordinary  field-beets  and  sugar-beets  are 
about  8  inches  apart,  while  mangels  are  8  to  lo  inches. 

(5)  Cultivation. — For  whatever  purpose  grown,  beets 
should  be  kept  as  thoroughly  cultivated  as  conditions  permit, 
as  often  as  once  in  7  to  10  days  if  possible.  The  early  cul- 
tivation should  be  fairly  deep  in  order  to  remove  weeds  and 
to  enable  the  soil  to  receive  and  hold  moisture  to  best 
advantage. 

Turnips  are  grown  for  table  use  and  to  some  extent  for 
feeding  sheep  and  cattle ;  they  may  also  be  utilized  at  the 
same  time  as  a  cover-crop.  As  a  garden  crop,  turnips  are 
grown  for  early  market  as  well  as  for  ordinary  market  pur- 
poses. Turnips  ordinarily  require  a  damp,  cool  climate; 
they  need  less  sunshine  than  beets,  especially  sugar-beets. 
Rutabagas  bear  about  the  same  relation  to  ordinary  turnips 
that  mangels  do  to  beets.  They  are  grown  largely  for  stock- 
feeding.  In  respect  to  place  in  crop- rotations,  character  of 
soil,  preparation  and  cultivation,  the  statements  made  regard- 
ing beets  apply  to  turnips  when  grown  under  usual  garden 
and  field  conditions.  The  general  conditions  of  seeding  are 
about  the  same  as  with  beets,  except  that  the  amount  of  seed 
used  is  only  2  to  4  pounds  an  acre. 

Fertilisers. — It  has  been  shown  that  turnips  respond 
most  favorably  to  a  generous  supply  of  soluble  phos- 
phorus compounds.  When  soil  have  been  treated  with 
10  tons  of  good  farm  manure  per  acre,  the  application 
of  phosphoric  acid  alone  in  soluble  form  usually  is  sufficient  to 
secure  good  crops,  especially  on  soils  not  deficient  in  potash. 
For  the  growing  of  early  turnips  for  table  use,  the  same 
method  of  treatment  with  fertilizers  is  recommended  as  with 
early  beets  (p.  607).  For  field-turnips  grown  with  farm 
manure  on  good  soils,  an  application  of  250  pounds  of  acid 
phosphate  and  75  pounds  of  potassium  chloride  may  be  used, 
or  500  pounds  of  Mixture  No.  10  or  10  A  (p.  609) ;  on  light 
soils,  larger  amounts  should  be  applied. 


Turnips  grown  as  cover-crops  may  be  used  afte-  any 
early  crop  or  may  be  seeded  in  corn  at  the  time  of 
the  last  cultivation.  They  are  then  available  for  late 
fall  and  winter  feeding.  Some  deep-rooting  variety  is  pref- 
erable for  use  as  cover-crop.  The  seed  is  sown  broadcast 
at  the  rate  of  2  or  3  jKiunds  an  acre. 

Carrots  are  grown  for  both  table  use  and  food  for  farm 
animals.     The  crop  is  hardy,  being  adapted  to  quite  wide 
chmatic  and   soil  variations.     The   methods  of   treatment 
employed  in  growing  beets  and  tur- 
nips are  applicable  to  carrots.     The 
soil  should  be  deep  and  well  supplied 
with  plant-food,  a  rich,  mellow  loam 
being  most  suitable.    Since  the  early 
growth  is  very  slow,  it  is  desirable 
to  seed  the  crop  on  soil  as  free  as 
possible  from  weeds.    Fertilizers  are 
used  as  in  case  of  field  crops  of  beets 
and  turnips. 
Parsnip     in     mellow       Parsnips  are  largely  grown  as  a 
soil;   (d)    compact    soil,   garden    crop.      They    gtow   well    on 
All    rooi   crops   need    a  °  .,       ,  ,  j  1 

deep,  mellow  soil  lor  rather  heavy  loams  and  even  on  clay 
best  growth.  Idaho  soils.  Since  the  roots  grow  long. 
Station.  \^    jg    important    that    the    soil    be 

well  loosened  to  the  depth  of  16  or  18  inches.  The  cultural 
conditions  that  apply  to  beets  and  turnips  are  suited  to  pars- 
nips. Excessive  supply  of  nitrogen  is  undesirable  as  tend- 
ing to  produce  a  coarse  texture.  The  amount  of  seed  used 
per  acre  varies  from  4  to  6  pounds,  but,  if  more  than  a  year 
old,  it  is  apt  not  to  grow.  For  table  use,  the  roots  are  best 
left  in  the  ground  over  winter,  or  stored  in  a  cool  place, 
since  they  acquire  a  sweetness  and  tenderness  that  they  do 
not  posess  in  the  fall. 

Radishes  are  grown  both  as  a  garden  crop  and  as  a 
greenhouse  crop.  They  are  hardy  and  among  the  most  rapid- 
growing  and  earliest  garden  crops.  In  order  to  be  tender 
and  crisp  in  quality,  they  must  be  raised  under  conditions 
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which  permit  continuous,  rapid  growth.  They  are  especially 
adapted  to  coo!  weather;  when  grown  in  hot  weather,  they 
tend  to  develop  a  rank  growth,  which  results  in  a  tough, 
fibrous  or  stringy  texture,  lacking  in  desired  crispness  and 
tenderness.  The  soil  should  be  mellow,  well  supplied  with 
organic  matter  and  an  abundance  of  easily  available  plant- 
food.  For  3  fertilizer,  Mixture  No.  8  (p.  603)  is  adapted  to 
the  needs  of  radishes,  applying  500  pounds  or  more  per  acre 
and  working  it  lightly  into  the  soil  just  before  or  at  the 
time  of  seeding. 

Salsify  or  vegetable  oyster  is  a  plant  resembling  the 
parsnip  somewhat  in  its  root  growth,  except  that  salsify  roots 
are  not  as  large.  When  cooked,  the  roots  have  a  flavor 
resembling  that  of  oysters.  It  is  grown  only  for  table  use. 
It  is  slow  of  growth,  requiring  the  entire  season.  It  is  best 
adapted  to  deep,  rich,  moist  soils.  It  is  planted  in  rows  12 
inches  or  more  apart,  and  the  plants  after  thinning  stand  4 
to  5  inches  apart  in  the  row.  The  amount  of  seed  used  per 
acre  is  8  to  lo  pounds.  The  culture  and  general  treatment 
are  essentially  the  same  as  for  other  root  crops.  The  roots 
are  better  for  cooking  when  left  in  the  ground  through  win- 
ter. Mixture  No.  9  (p.  603)  is  adapted  to  the  needs  of  this 
crop  in  amounts  of  500  pounds  or  more  per  acre. 

Tam^  60 — Appkoximate  Amouhts  of  Plant-Food  Con- 
stituents IN  One  Crop 
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CHAPTER  XXXII 

GARDEN  CROPS 

The  growing  of  garden  crops  on  a  commercial  scale  has 
become  a  very  important  agricultural  specialty,  particularly 
within  conveniently  located  areas  that  supply  large  cities 
with  vegetables.  In  market-garden  regions,  many  crops  are 
grown  in  succession  on  a  relatively,  restricted  area.  There 
is  no  line  of  crop  production  in  which  so  great  dependence 
is  placed  upon  the  use  of  commercial  fertilizers  as  in  the 
case  of  garden  crops  grown  for  market.  Not  only  is  it 
sought  to  increase  the  yield,  but  especially  to  control  the 
quality.  Formerly,  sole  dependence  was  placed  upon  farm 
manure  and  composted  materials  to  supplement  the  plant- 
food  needs  oC  soils,  and  this  is  still  true  in  many  cases,  but 
market-garden  farmers  have  come  to  depend  increasingly 
upon  commercial  plant-food  materials,  which  they  use  in 
amounts  that  would  be  extravagant  for  ordinary  crops. 

The  term  "truck-growing'  is  applied  to  the  growing  of 
vegetables  at  considerable  distances  from  markets,  as,  for 
example,  the  growing  of  early  vegetables  in  the  South  for 
northern  markets.  This  is  usually  carried  on  with  one  or 
more  crops  for  which  local  conditions  of  soil  and  climate 
are  especially  adapted.  These  crops  are  grown  as  part  of 
a  system  of  general  farming,  and  not  as  exclusive  crops. 
The  same  general  requirements  of  soil  and  of  plant-food 
apply  as  in  the  case  of  the  same  crops  grown  under  ordinary 
market-garden  conditions,  but  modified  according  to  local 
environment.  Truck- farming  may  be  regarded  simply  as 
market-gardening  on  an  extensive  scale. 

SOME  GENERAL  CHARACTERISTICS 

.  ■  •    ' 

-While  market-garden  crops  vary  greatly  in  individual 
characteristics,  they  have  certain  conditions  of  growth'  and 
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certain  properties  in  common.  In  general,  their  growth  is 
stimulated  or  forced  so  as  to  make  quick  and  continuous 
development.  So  far  as  preparation  of  soil  and  supply  of 
plant-foods  are  concerned,  the  aim  is  to  furnish  such  con- 
ditions that,  with  a  proper  amount  of  sunshine  and  rainfall, 
the  crop  will  be  pushed  forward  as  speedily  as  possible  with- 
out delay  or  interruption  of  continuous  growth. 

One  edible  quality  which  all  vegetables  must  possess  in 
common  is  that  they  be  agreeable  to  the  taste,  appetizing, 
palatable ;  this  is  usually  dependent  on  some  peculiar  taste 
or  combination  of  taste  and  smell.  For  example,  sweetness 
in  peas,  sweet  corn,  melons,  etc.,  together  with  the  addi- 
tional flavor  that  is  characteristic  in  each  case,  determines 
the  palatability,  while  in  rhubarb,  tomatoes,  etc.,  it  is  com- 
bination of  acidity  and  other  qualities ;  in  the  case  of  onions, 
horseradish,  cabbage,  turnips,  etc.,  the  characteristic  flavor 
is  due  to  the  presence  of  certain  sulphur  compounds.  Over- 
developed flavor,  as  in  the  case  of  excessive  pungency  found 
in  some  onions,  or  the  strong  disagreeable  flavor  of  some  cel- 
ery, disagreeable  bitterness  in  lettuce,  over-acidity  in  toma- 
toes, absence  of  sweetness  in  peas,  corn,  etc.,  may,  to  some 
extent,  be  due  to  failure  to  regulate  the  supply  of  plant-food, 
although  these  defects  are  often  due  to  the  variety  of  plant 
used  or  to  special  weather  conditions. 

Another  edible  quality  of  importance  in  most  vegetables 
is  that  dependent  on  tenderness,  succulence  and  crispness. 
The  development  of  tough,  fibrous  texture  greatly  depre- 
ciates this  quality,  as  illustrated  in  case  of  beets,  celery,  let- 
tuce, radishes,  etc.,  of  poor  quality.  This  defect  is  more  or 
less  due  to  regulation  of  plant-food  supply  and  can  be  pre- 
vented In  large  measure. 

Generally  speaking,  the  ideal  qualities  of  vegetables  are 
dependent  upon  conditions  that  make  possible  quick  and 
uninterrupted  growth.  When  growth  is  interrupted  or 
retarded,  then  some  undesirable  quality  of  flavor  or  texture 
is  likely  to  make  its  appearance.    So  far  as  interruption  of 
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(X)  Breeding  experiments  with  metont.    The  two  varietiet  ihown 
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on  either  side  of  the  greenhouse  are  the  parent  forms  of  the  (Toss 
on  which  studies  of  inheritance  of  character  are  being  made. 

(2)  Parents  and  offspring  in  melon  cross.  Parents  on  either  side ; 
hybrid  in  middle.  The  hybrid  possesses  the  straw-colored  skin  of 
melon  No.  149,  the  netting  of  Sutton's  Superlative  and  is  inter- 
mediate in  ribbing,  size  and  shape. 

^  (3)  Cross-sections  of  melons,  showing  comparative  size  of  cavi- 
ties and  thickness  of  flesh.  Hybrid  in  center  has  very  small  cavity 
and  is  a  great  improvement  on  either  parent  New  Hampshire 
Station. 


growth  IS  due  to  lack  of  sunshine,  or  of  rainfall,  when  this 
is  the  source  of  water  supply,  one  is,  of  course,  helpless. 
However,  under  favorable  conditions  of  soil  of  light, 
warmth  and  moisture,  the  quality  of  vegetables  can  be  rea- 
sonably well  controlled  by  judicious  regulation  of  the 
amounts  and  kinds  of  plant-food  supplied. 

The  problem  of  successfully  growing  market-  garden  crops 
becomes  one,  therefore,  of  so  regulating  the  supply  of  plant- 
food  as  to  insure  rapid  and  continuous  growth,  weather  con- 
ditions being  favorable.  In  this  connection,  it  may  be 
stated  that  many  market-gardeners  in  the  East  are  making 
extensive  use  of  irrigation,  which  eliminates  the  unfavorable 
factor  of  lack  of  rain. 

SOIL  CONDITIONS 

For  the  successful  growth  of  garden  crops,  there  are 
certain  essential  soil  conditions  that  are  common  to  all 
market-garden  soils.  Under  this  head,  we  will  briefly  con- 
sider: (i)  Organic  matter,  (2)  calcium  carbonate,  (3) 
influence  of  character  of  soil,  (4)  preparation. 

Organic  matter. — Garden  soils  should  contain  a  gener- 
ous supply  of  organic  matter.  The  customary  method  of 
keeping  up  the  supply  has  been  to  make  large  applications 
of  farm  manure  every  year.  The  general  tendency  is  in  the 
direction  of  depending  more  upon  the  growth  of  some 
quick-growing  leguminous  cover-crop  (crimson  clover,  cow- 
peas,  etc.)  as  part  of  a  well-planned  crop-rotation.    This 
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IS  easy  of  accomplishment  where  the  growing  seasons  are 
long.  The  addition  of  nitrogen  by  leguminous  crops  is  the 
most  economical  means  of  supply,  as  has  been  repeatedly 
emphasized. 

Calcium  compounds. — The  necessity  of  keeping  a  large 
amount  of  decaying  organic  ir.atter  in  a  soil  involves  the 
formation  of  acids  (p.  125)  and  the  using  up  of  the  cal- 
cium carbonate.  In  order  to  prevent  the  exhaustion  of 
calcium  carborate,  which  results  in  soil  acidity,  it  is  neces- 
sary to  keep  market-garden  soils,  in  case  of  most  crops, 
well  supplied  with  this  compound  (p.  379). 

Influence  of  character  6f  soil. — While  some  vegetables 
grow  on  a  great  variety  of  soils,  others  are  more  limited. 
In  general,  the  growth  of  individual  crops  is  more  or  less 
localized,  one  or  more  crops  being  grown  in  one  locality 
where  the  soil  and  climatic  conditions  have  been  shown  to  be 
especially  favorable.  In  the  case  of  home  gardens,  what- 
ever kind  of  soil  happens  to  be  at  hand  is  used,  and  this  is 
adapted  as  far  as  possible  to  the  growing  of  as  great  a 
variety  of  products  as  are  used  in  the  household.  As  regards 
the  influence  of  the  cliaracter  of  the  soil  upon  the  crop 
growth,  light,  porous,  warm  soils  promote  rapid  growth  and 
early  ripening,  while  the  reverse  is  true  of  heavy  soils. 
Light  soils  should,  therefore,  be  modified  to  hold  moisture 
and  heavy  soils  to  become  more  open. 

Preparation  of  soil. — All  market-garden  soils  require 
very  thorough  tillage.  The  depth  required  varies  for  the 
different  crops,  but  in  all  cases  the  soil  must  be  mellow  and 
finely  pulverized. 

USE  OF  FERTILIZERS 

To  promote  early  and  rapid  and  continuous  growth 
requires  the  presence  of  nitrate  and  soluble  phosphates  in 
considerable  amounts.  Though  phosphorus  is  used  by  gar- 
den crops  in  much  smaller  amounts  than  either  nitrogen  or 
potassium,  we  must  remember  tliat  its  supply  in  most  soils 
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is  much  less  (p.  112).  Potassium  is  used  in  relatively  large 
amounts  in  the  leafy  portions  of  crops ;  therefore,  when  this 
portion  of  the  crop  is  removed  for  market,  the  amount  of 
potassium  taken  from  the  soil  is  usually  greater  than  where 
some  other  portion  of  the  plant  is  sold.  Generally  speaking, 
potassium  needs  usually  to  be  applied  rather  generously  on 
light,  sandy  soils  and  soils  rich  in  muck  or  peat.  On  soils 
containing  fair  amounts  of  clay,  much  lighter  applications 


often  suffice,  especially  if  the  soil  is  well  supplied  with  caj- 
cium  carbonate,  and  also  when  considerable  amounts  of 

sodium  nitrate  are  used  (p.  437). 

The  traditional  method  of  maintaining  plant-food  supplies 
in  garden  soils  has  been  use  of  large  quantities  of  farm 
manure,  40  tons  an  acre  or  more  being  applied  when  obtain- 
able, and,  in  extreme  cases,  as  much  as  80  to  lOo  tons.  The 
application  of  40  tons  means  about  400  jKitiTids  each  of 
nitrogen  and  potash,  and  200  iwunds  of  phosplipric  acid. 
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amounts  which  would  be  r^[arded  as  enormous  if  applied 
in  the  form  of  commercial  plant-foods.  The  exclusive,  long- 
continued  use  of  farm  manure  is  open  to  several  objections: 

( 1 )  Unless  the  soil  is  kept  well  occupied  with  growing  plants, 
more  or  less  nitrogen  is  in  danger  of  being  lost  in  drainage. 

(2)  There  is  liability  with  large  amounts  of  fresh  manure 
of  excess  of  nitrate  in  soil,  which  will  produce  too  rank 
growth  of  stems  and  leaves  at  the  expense  of  the  edible 
portions  in  those  crops  which  are  grown  for  other 
parts  than  stems  and  leaves.  (3)  Trouble  from  plant  dis- 
eases is  promoted  by  excessive  use  of  farm  manure.  Good 
farm  manure  can  be  advantageously  used,  but  the  applica- 
tions should  be  moderate  and  supplemented  by  commercial 
plant-food,  especially  phosphorus. 

The  general  rule  is  to  apply  enough  of  each  plant-food 
constituent  to  meet  or  exceed  the  demands  of  large  crops ; 
the  kinds  and  amotmts  vary  in  case  of  different  crops.  As 
a  general  fertilizer  for  market-garden  use.  Mixtures  No.  8 
and  No.  9  (p.  603)  or  modifications  of  these  have  been  ex- 
tensively used  with  success. 

These  fertilizers  can  be  used  on  practically  all  garden 
crops,  adaptations  being  made  in  special  cases  by  varying  the 
amounts  or  by  supplementing  with  additions  of  other 
materials. 

We  shall  attempt  to  consider  only  those  crops  that  are  of 
more  general  interest  and,  for  the  sake  of  convenience,  will 
divide  them  into  groups,  the  members  of  which  are  alike  in 
respect  to  their  plant- food  treatment.  These  are  as  follows : 
(i)  Asparagus  and  rhubarb,  (2)  beans  and  peas,  (3)  cab- 
bage, cauliflower  and  brussels  sprouts,  (4)  celery,  (5) 
cucumbers,  muskmelons,  watermelons,  ptunpkins  and 
squashes,  (6)  sweet  com,  (7)  lettuce  and  spinach^  (8) 
onions,  (9)  tomatoes,  (10)  eggplant. 

Asparagus  is,  on  account  of  its  being  one  of  the  earli- 
est spring  vegetables,  an  important  product  for  market  and 
also  a  favorite  crop  for  home  gardens.  It  is  very  hardy  and, 
if  once  properly  established  and  cared  for,  the  same  roots 
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win  oootbicie  to  pnxluce  generoas  annual  yields  for  20 
years  or  more.  While  other  crops  cannot  be  grown  on  the 
same  land  with  asparagus,  and  while  it  is  cropped  only  once, 
yet  its  cropping  season  is  spread  over  one  or  two  months  and 
the  yield  can  be  made  large  by  generous  feeding  and  care. 

(i)  SoU  and  preparation. — Asparagus  will  grow  on 
almost  any  kind  of  agricultural  soil,  but  it  does  best  on  deep, 
well-drained,  loose,  rich  loams.  In  preparing  soil  for  a 
permanent  planting  of  asparagus,  the  ground  should  be 
plowed  10  or  12  inches  deep  the  fall  before  and  then  well 
harrowed  in  the  spring. 

(2)  Planting  and  cultivation. — In  planting  a  small  bed  for 
home  use,  time  can  be  saved  by  purchasing  two-year-old 
roots.  In  growing  roots  for  one's  own  use,  seed  is  sown 
early  in  spring  in  rows  14  to  16  inches  apart  at  the  rate  of 
one  ounce  for  50  feet,  furnishing  about  400  plants ;  the  seed- 
bed should  be  rich,  mellow  and  loose.  The  soil  is  kept  free 
from  weeds  and  well  cultivated  during  the  season.  The 
roots  can  be  transplanted  the  spring  following  or  left  until 
the  second  spring  before  transplanting  into  permanent 
quarters.  The  roots  when  transplanted  are  set  deep  so  that 
the  upper  portion  is  6  to  8  inches  bebw  the  surface  of  the 
soil,  in  order  to  permit  surface  cultivation  without  bjury  to 
the  roots ;  they  are  set  18  to  24  inches  apart  in  the  row  and 
the  rows  are  4  feet  apart  The  soil  is  regularly  cultivated 
between  rows  at  intervals  during  the  first  season.  After  the 
tops  die  in  the  fall  and  are  renM>ved,  the  entire  surface  is 
cultivated  about  4  inches  deep.  Cultivation  begins  again 
the  next  spring  and  is  oontinued  as  before. 

(3)  Cutting  shoots. — ^A  few  shoots  nay  be  cot  the  second 
year,  but  regular  cropping  should  not  take  place  before  the 
third  year.  Cutting  should  not  nsualfy  continue  ku^ger  than 
4  to  6  weeks.    . 

(4)  Fertilisers.^^In  starting  an  asparagus  planting,  well- 
decomposed  stable  manure,  when  obtainable,  should  he 
applied  to  the  pbwed  ground  at  the  rate  of  10  or  12  tons  an 
acre  and  thon>u|^  worked  into  the  soil  before  the  roots 
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are  planted ;  or  the  manure  may  be  applied  to  clover  sod  and 
turned  under  the  preceding  fall ;  then  one  can  apply  600  to 
800  pounds  of  Mixture  No.  8  or  No.  9  (p.  603),  according 
to  soil  conditions,  in  the  spring  before  putting  in  roots.  The 
purpose  should  be  at  the  beginning  to  have  an  abundance  of 
organic  matter  and  available  plant-food  in  a  deep  and  mellow 
soil.  In  the  absence  of  farm  manure,  use  more  of  the  fer- 
tilizer mixture.  Then  each  spring  apply  400  to  800  pounds 
of  the  same  mixture.  When  well-decomposed  farm  manure 
is  obtainable,  it  is  a  good  plan  to  apply  and  harrow  in  early 
in  spring  and  supplement  with  commercial  fertilizer  accord- 
ing to  need.  Just  before  the  cutting  season  is  over  or  soon 
after,  it  is  important  to  make  another  application  of  ferti- 
lizer, the  constituents  of  which  should  be  largely  in  readily 
available  form.  For  this  purpose  use  200  to  400  pounds  of 
Mixture  No.  8  (p,  603).  The  significance  of  this  later 
application  should  be  understood.  The  constant  removal  of 
shoots  during  the  cutting  period  is  exhaustive  to  the  plant 
and  an  abundance  of  plant-food  is  needed  to  give  it  chance 
to  recover  by  making  a  vigorous  growth  during  the  rest  of 
the  season  and  storing  nutritive  material  in  the  roots  for  the 
growth  of  shoots  during  the  next  cutting  season.  The  appli- 
cation of  plant- food  is  for  two  purposes:  (i)  To  increase 
the  yield  by  increasing  the  number  and,  particularly,  the  size 
of  the  shoots,  and  (2)  to  produce  shoots  of  the  highest  possi- 
ble quality  in  respect  to  flavor  and  tenderness.  Small,  insig- 
nificant-looking shoots  generally  indicate  lack  of  nutrition  or 
cultivation,  or  excessive  cutting,  etc. 

Fertilizers  do  not  control  the  color  of  the  asparagus 
shoots.  The  matter  of  white  or  green  shoots  depends  upon 
protection  from,  or  exposure  to,  sunlight.  The  demand  of 
the  market  determines  which  kind  is  most  profitable  to 
furnish. 

Rhubarb,  also  commonly  known  as  pie-plant,  resem- 
bles asparagus  as  a  garden  crop,  because  it  is  early  and 
because  the  tops  are  cut  for  use.  It  is  the  first  fresh  material 
of  spring  suited  fur  making  sauce  and  pic.    It  is  now  cxten- 
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sivcly  grown  for  canning  and  is  used  to  some  extent  In  mak- 
ing wine.  The  methods  of  setting  roots,  character  of  soil 
and  methods  of  cultivation  are  essentially  the  same  as  for 
asparagus.  When  once  established,  the  plants  will  survive 
much  neglect,  but  they  will  respond  profitably  to  good  treat- 
ment. The  methods  used  in  supplying  plant-food  to  aspara- 
gus apply  equally  well  to  rhubarb. 

Garden-beans. — Edible  garden-beans  include  (l)  those 


grown  for  use  as  string-beans,  both  fresh  and  canned,  and 
(2)  lima  beans;  the  latter  are  grown  in  both  poled  and 
dwarf  forms.  Garden-beans  respojid  to  good  soil  conditions. 
The  pole  types  especially  make  use  of  generous  applications 
of  plant-food.  Although  beans  are  able  to  utilize  atmos- 
pheric nitrogen,  it  is  nevertheless  desirable,  in  growing 
garden  varieties,  to  supply  a  liberal  amount  of  nitrogen  as 
well  as  phosphorus  and  potassium  compounds  and  calcium 
carbonate.     It  is  desirable  to  prolong  the  growing  season 
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of  the  plant  and  keep  it  succulent  as  long  as  possible;  this 
is  accomplished  by  supplying  the  nitrogen  quite  largely  in 
organic  forms.  Mixtures  No.  8  or  No.  9  (p.  603)  can  be 
used  at  the  rate  of  400  to  600  pounds  an  acre. 

Field-beans  are  grown  for  the  seeds  and  require  treat- 
ment that  differs  considerably  from  the  growing  of  garden 
beans. 

(i)  Rotations  for  field-beans. — ^The  following  serve  as 
illustrations  of  rotations  employed  in  bean-growing  sections : 

(a)  Three  years:  Beans,  i  year;  wheat,  i  year;  clover, 
I  year. 

(b) ,  Four  years :  Com  or  potatoes,  i  yeac ;  beans,  i  year ; 
wheat  seeded  with  clover,  i  year;  clover  cut  for  hay  and 
then  plowed  under,  i  year. 

(2)  Soil  and  preparation. — The  soils  best  adapted  to 
field-beans  are  well-drained  clay  loams;  sandy  or  gravelly 
loams  give  good  crops  when  kept  well  supplied  with  organic 
matter  and  plant- food.  Soils  that  are. extreme  either  in 
heaviness  or  lightness  are  undesirable,  and  also  soils  contain- 
ing an  excess  of  organic  matter  like  muck  or  peat  soils. 
Generally  speaking,  good  corn  or  wheat  land  is  good  bean 
land.  For  best^sults,  land  should  be  plowed  4  to  6  weeks 
before  plantTff|;,  and  should  be  put  into  good  mechanical 
conditioniiy  harrowing  to  prevent  growth  of  weeds  and  to 
hold  moisture  for  the  use  of  the  crop. 

(3)  Fertilizers. — ^When  beans  are  grown  after  clover  or 
when  farm  manure  is  used,  little  nitrogen  need  be  supplied 
in  addition.  On  clayey  soils,  large  amounts  of  potassium  are 
not  usually  needed.  As  an  application  for  field-beans,  Mix- 
ture No.  2  (p.  543)  is  suggested,  at  the  rate  of  200  to  400 
pounds  an  acre,  to  be  used  at  the  time  of  planting  or  just 
before. 

Garden-peas. — ^The  statements  made  above  in  relation 
to  garden-beans  apply  in  most  respects  to  the  growing  of 
ISfarden-peas.  Peas  are  grown  as  a  field  crop  for  canning 
purposes,  the  object  being  the  same  as  with  garden-peas. 
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tfiat  is,  die  prodtKtioa  of  a  sweeb  tender,  wdHlavwed 
product 

Beets.     (See  page  606.) 

Cabbage. — The  growing  of  cabbage  on  a  large  scale 
has  become  a  speciahy  in  sections  where  soil  and  climatic 
conditions  are  favorable.  Early  cabbage  is  practically  all  used 
iBimediately,  while  the  use  of  the  late  crop  is  distributed, 
some  going  to  the  table  at  once,  some  being  made  into  sauer- 
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kraut  and  some  being  put  into  storage  for  later  distribution. 
Between  the  southern -grown  and  the  early  and  late  northern- 
grown  crops,  fresh  cabbage  is  available  to  consumers  at  all 
times  of  year, 

(i)  Crop-rotations  for  cabbage. — Crop-rotation  is  desir- 
able, not  only  for  the  sake  of  the  physical  and  chemical 
factors  in  the  soil,  but  as  a  means  of  protection  against  those 
insects  and  plant  diseases  that  infest  this  crop.    Probably 
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nothing  is  better  to  precede  cabbage  than  dover  aod,  well- 
decomposed  ;  and  cabbage  can  therefore  be  made  to  fit  into 
a  great  variety  of  rotations,  ^^'he^e  long  seasons  prevail  and 
cabbage  is  grown  as  an  early  crop,  it  can  be  followed  in  the 
same  season  by  some  other  crop. 

(2)  Soils  and  preparation. — ^The  qualities  requisite  in  a 
^il  adapted  for  growing  cabbage  as  a  farm  crop  are  good 
.  drainage,  abundance  of  available  plant- 
food  and  structure  suited  to  hold  mois- 
ture.    A   considerable  variety  of   soils 
meets  these  conditions.     In  the  South, 
sandy  soils  are  used  in  growing  cabbage 
for  the  early  northern  market  because 
they  promote  rapid  growth  at  the  right 
season  and  can  be  cultivated  at  a  time 
when  heavier  soils  cannot  be.    The  soil, 
whatever   its   character,   should  be   put 
into    mellow,    well-pulverized   condition 
before  setting  out  the  young  plants. 
j        (3)  Fertilisers. — Large    applications 
In  A  oeas  were  '^^    ^^^^   manure    (15    to   20   tons   an 
grown  without  inoc-  acre)  have  been  successfully  used,  and 
ulat'on-  clover  sod  supplemented  by  10  or  12  tons 

sr'ownlfKoS  «  ^^'^^'  »!>=„  pmcticable.  Under 
tion.  Michigan  such  conditions,  some  commercial  ferti- 
Statiow.  Wzct  can  be  used  to  advantage,  especially 

one  supplying  phosphorus  and  potassium  in  larger  propor- 
tions than  nitrogen,  say  400  to  600  pounds  of  Mix- 
ture No.  8  or  No.  9  (p.  603)  for  farm-crop  cab- 
bages; for  market-garden  crops  in  the  North  raised  for 
early  market,  larger  amounts  of  fertilizer,  the  constitu- 
ents of  which  are  easily  available,  can  be  used,  espe- 
cially on  light  soils.  Excessive  supplies  of  nitrogen 
are  to  be  avoided  for  the  following  reasons:  (a)  Rapid, 
early  growth  is  promoted  to  such  a  degree  that  the  cabbage 
does  not  form  the  close,  solid  kind  of  head  that  is  desired. 
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(b)  Even  when  head  formation  is  not  affected,  the  keepinjR- 
quality  of  the  cabbage  is  lessened,  owing  to  the  extreme  suc- 
culence and  tenderness  of  the  vegetable  growth,  an  objec- 
tionable property  in  cabbages  that  are  to  be  shipped  |ong 
distances  or  kept  some  time  before  consumption.  This 
quality  of  tenderness  is,  however,  something  desirable  in  the 
case  of  cabbages  that  are  grown  near  market  and  for  imme* 
diate  consumption. 

In  the  case  of  market-garden  crops  which  have  to  depend 
largely  upon  applied  fertilizers,  i,ooo  pounds  of  more  of 
Mixture  No.  8  or  No.  9  can  be  used,  being  worked  into  the 
soil  just  before  setting  the  plants.  On  light  soils,  further 
applications  of  top^ressings  are  sometimes  recommended; 
for  example,  75  to  100  poimds  of  sodium  nitrate  and  150  to 
200  pounds  of  acid  phosphate  when  the  plants  begin  to  show 
good  growth  after  transplanting;  and,  after  heads  begin 
to  form,  100  to  200  poun<k  more  of  sodium  nitrate. 

In  the  case  of  farm-crop  cabbage,  an  application  of  600 
to  1,000  pounds  of  Mixture  No.  8  or  No.  9  (p.  603)  can  be 
used  without  further  top-dressings,  except  under  special 
conditions  when  the  soil  appears  tj  be  lacking  in  plant-food. 

In  case  of  cabbage  grown  in  the  South  for  early  north- 
em  market,  a  fertilizer  like  Mixture  No.  ^,  except  that  it 
contains  only  one-half  the  amount  01  nitrogen,  is  applied  at 
the  rate  of  1,000  to  1,500  pounds  an  acre  at  the  time  of 
planting,  followed  by  a  top-dressing  of  150  to  200  pounds  of 
sodium  nitrate,  or  equal  parts  of  sodium  nitrate  and  ammo- 
nium sulphate,  when  the  Rowing  season  comes.  The  post- 
ponement of  application  of  much  nitrogen  is  to  prevent  so 
rapid  growth  of  foliage  as  to  make  it  too  tender  to  resist  the 
low  temperatures  of  winter  months. 

(4)  Transplanting. — ^When  the  young  cabbage  plants  are 
being  transplanted  in  the  field,  i"  has  been  found  useful  at 
the  North  in  many  cases  to  water  the  scil  around  each  plant 
after  setting  with  about  one-quarter  of  a  pint  of  solution 
made  by  dissolving  one  ounce  of  sodium  nitrate  in  3  or  4 
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gaflons  of  water.    This  furnishes  both  moisture  and  plant- 
food,  serving  to  make  conditions  favorable  for  a  prompt  start. 

(S)  Cultivation, — Cabbage  needs  frequent  and  thorough 
but  not  deep  cultivation.  To  destroy  weeds  and  maintain 
a  loose,  two-inch  earth-mulch  which  will  prevent  evapora- 
tion of  water  is  the  object  of  cultivation.  As  grown  in  the 
South,  however,  cultivation  is  postponed  until  spring,  when 
active  growth  begins. 

Cauliflower  is  very  closely  related  to  cabbage  in  re- 
spect to  soil,  fertilizer  requirements,  cultivation,  etc.  Special 
skill,  as  the  result  of  experience,  is  often  required  to  grow 
cauliflower  successfully.  For  best  results,  a  cool,  moist 
season  is  needed. 

Brussels  sprouts  are  treated  in  much  the  same  manner 
as  cabbage  in  recoect  to  fertilization,  cultivation,  etc*  The 
plants  are  set  out  somewhat  later  than  cabbage. 

Celery  is  a  plant  in  which  certain  qualities  are  pecul- 
iarly essential  as  an  article  of  diet.  As  it  is  eaten  raw,  imper- 
fections in  quality  are  more  prominent  than  in  the  case  of 
those  vegetables  the  poor  qualities  of  which  can  be  modified 
by  cooking.  Good  celery  must  be  tender,  crisp,  sweet  and 
mild  in  the  characteristic  celery  flavor.  Celery  is  of  poor 
quality  when  the  stalks  consist  largely  of  bundles  of  tough 
fibers,  without  sweetness  and  of  so  strong  a  celery  flavor 
as  to  be  bitter,  pungent  and  generally  disagreeable.  The 
good  quality  of  celery  depends  largely  upon  an  abundant 
supply  of  moisture  and  readily  available  plant-food  adapted 
to  promote  rapid  growth. 

(i)  Soil. — Land  which  is  ordinarily  called  "celery  land" 
consists  of  reclaimed  swamp-land;  it  is  heavily  loaded  with 
decomposed  organic  matter  and  usually  contains  considerable 
nitrogen,  largely  in  forms  not  quickly  available.  Such  lands 
are  generally  deficient  in  potassium  and  phosphorus.  Celery 
grows  well  on  uplands,  the  soil  of  which  is  deep,  well  supplied 
with  plant-food,  mellow,  loose  and  well-drained. 

(a)  Fertilizers, — Extremely  large  amounts  of  plant-food 
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materials  are  often  supplied  celery  crops,  2,000  pounds  an 
acre  not  being  uncommon  of  such  a  fertilizer  as  Mixture 
No.  8  or  No.  9  (p.  603)  applied  at  the  time  of  setting  the 
plants.  A  few  top-dressings  of  sodium  nitrate,  100  pounds 
an  acre  each  time,  well  worked  into  the  soil  on  both  sides 
of  the  rows,  promote  the  rapid  growth  requisite  for  fine 
quality.  It  must  be  kept  in  mind  that  abundance  of  water 
is  just  as  essential  as  plant-food.  Some  growers  apply  the 
whole  amount  of  fertilizer  about  a  week  before  putting  in 
the  crop,  while  others  apply  one-half  before  putting  in  the 
crop,  and  the  remaining  half  later  in  two  equal  parts. 

Cucumbers  are  used  for  pickling,  in  making  salads,  and 
as  a  relish.  In  some  localities  large  quantities  are  {^own 
solely  for  pickling.  The  vines  are  very  sensitive  to  frost. 
For  best  results,  the  soil  should  be  a  warm,  sandy  loam, 
though  the  crop  does  well  on  clay  soils.  Generally  speaking, 
land  suited  to  corn  is  adapted  to  cucumbers.  The  crop  is 
planted  early  in  spring  when  danger  from  frost  is  past  The 
soil  is  thoroughly  prepared  as  in  case  of  com  (p.  576). 
When  practicable,  as  in  gardens,  it  is  common  to  make  a 
hole  in  the  soil  where  the  seed  is  to  be  planted  and  to  place 
a  shovelful  or  so  of  well-decomposed  farm  manure  or  com- 
post in  the  hole  and  cover  with  about  2  inches  of  earth  before 
planting  the  seed ;  this  is  especially  useful  in  poor  soils.  The 
same  result  can  usually  be  accomplished  by  simply  working 
the  manure  into  the  soil. 

Fertilizers. — Farm  manure  and  leguminous  green-crop 
manure  are  necessary  on  poor  soils,  since  there  should  be  an 
abundance  of  organic  matter.  When  cucumbers  are  grown 
for  table  use,  the  fertilizers  should  be  such  as  to  promote 
steady  rather  than  rapid  growth  of  vines;  the  nitrogen  is 
preferably  in  organic  form  for  the  most  part  and  also  a  por- 
tion of  the  phosphorus.  From  400  to  800  pounds  of  Mix- 
ture No.  9  (p.  603)  can  be  applied  to  the  soil  and  worked  in 
previous  to  planting.  In  case  the  crop  is  grown  for  pickles, 
the  chief  purpose  is  a  large  setting  and  quick  growth  of 
small,  green  cucumbers,  and  this  is  promoted  by  applications 
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of  nitrate.    For  this  purpose,  one  can  use  400  to  800  potinds 
or  more  of  Mixture  No.  S  (p.  603). 

Pumpkins  and  squashes  are  grown  under  conditions  of 
soil,  plant-food  supply,  etc.,  essentially  the  same  as  in  the 
case  of  cucumbers.  They  are  now  extensively  grown  for 
canning  as  material  for  pie-making.  Pumpkins  are  also 
used  to  a  considerable  extent  as  cattle-food.  The  custom 
of  growing  pumpkins  in  corn-fields  is  a  poor  one  for  several 
reasons ;  much  better  and  larger  crops  can  be  obtained  when 


EXPERIMENTS  IN  VARIETIES  OP  WATBUfELONS.     GEORGIA 
STATION. 

grown  alone.  Summer  squashes  are  rapid  growers,  for 
which  Mixture  No.  8  is  adapted,  while  the  winter  varieties 
have  a  much  longer  growing  period ;  the  latter  can,  therefore, 
he  supplied  more  largely  with  organic  nitrogen  and  some 
phosphorus  in  form  of  tankage  as  in  Mixture  No,  9  (p.  603). 
Muskmelons.^The  growing  of  muskmelons  or  canta- 
loupes has  become  a  market-garden  or  truck-growing  spe- 
cialty in  some  localities  where  soil  and  climate  make  it  poesi- 
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ble  to  put  them  into  northern  markets  in  summer.  The  soils 
best  adapted  to  muskmelons  are  warm,  sandy  loams.  It  is 
one  of  the  crops  requiring  a  long  season  for  maturity,  and 
plant-food  nitrogen  can  therefore  be  supplied  in  organic 
forms  in  large  part.  As  in  case  of  cucumbers,  pumpkins, 
etc.,  muskmelons  require  a  large  amount  of  organic  matter 
in  the  soil.  Manure  can  be  placed  in  a  hole  and  covered 
with  soil  to  a  depth  of  3  or  4  inches  and  the  seeds  planted 
on  this  and  covered  with  2  or  3  inches  of  additional  soil.  A 
more  convenient  method  is  to  apply  the  manure  in  liberal 
amounts  to  the  portions  of  plowed  gpround  where  the  rows 
are  to  be  planted  and  work  it  into  the  soil  very  thoroughly. 
In  addition,  600  to  1,000  pounds  of  Mixture  No.  9  (p.  603) 
can  be  used.  In  the  absence  of  manure,  some  leguminous 
green-crop  manure  should  be  used  to  furnish  organic 
matter  and  welWecomposed  before  planting.  In  this  case, 
an  application  of  600  to  800  pounds  of  Mixture  No.  9  can 
be  broadcasted  and  harrowed  in  before  seeding  and  an 
additional  handful  worked  into  the  soil  where  the  seed 
is  to  be  planted.  This  can  be  followed  by  a  top-dressing  of 
the  same  mixture  worked  into  the  soil  around  each  hill  about 
4  weeks  after  planting. 

Watermelons. — The  statements  under  muskmelons  ap- 
ply to  the  growing  of  watermelons. 

Sweet  corn,  primarily  grown  for  table  use  when  fresh, 
is  now  more  extensively  grown  for  canning.  Most  of  the 
sweet  corn  thus  used  is  grown  as  a  regular  farm  crop.  Sweet 
corn  is  sometimes  grov/n  for  fresh  green  forage  and  for 
silage,  but,  on  account  of  its  smaller  yield,  it  is  not  so  well 
adapted  for  green  forage  as  are  the  varieties  regularly  used 
for  forage  purposes.  When  sweet  corn  is  raised  for  canning, 
the  stalks  and  leaves  can  be  fed  after  the  ears  have  been 
removed.  Sweet  corn  of  fine  flavor  and  satisfactory  sweet- 
ness can  be  raised  only  in  a  northern  climate. 

In  respect  to  crop-rotation,  soil  preparation  and  cultivation, 
the  same  conditions  apply  as  in  the  case  of  field  corn 
(p.  575).    A  succession  of  plantings,  especially  of  diflFerent 
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varieties,  will  secure  a  continuous  supply  whether  for  mar- 
ket or  for  home  use.  When  grown  as  a  market-garden 
crop,  it  is  important  to  push  it  to  as  early  maturity  as  pos- 
sible in  order  to  obtain  the  best  prices. 

Fertilizers. — ^There  is  a  marked  difference  in  the  objects 
in  view  as  between  field  corn  and  sweet  com.  In  one  case, 
a  ripened  crop  is  the  object;  a  large  part  of  the  growth  is 
made  during  the  months  of  July  and  August,  and  the  grow- 
ing season  is  relatively  long.  Field  com  can,  therefore, 
utilize  forms  of  plant-food  that  become  available  gradually 
during  the  growing  season.  Sweet  com,  on  the  other  hand, 
is  harvested  before  it  reaches  maturity  and  after  a  period 
of  growth  in  which  field  corn  makes  only  a  comparatively 
small  part  of  its  development.  Sweet  corn,  like  most  t)ther 
garden  crops,  should  make  an  early  and  rapid  growth.  Part 
of  its  nitrogen  should,  therefore,  be  nitrate,  in  order  to  sup- 
ply needed  nitrogen  before  nitrification  becomes  active. 
Phosphoms  in  soluble  compounds  must  be  supplied  in 
considerable  amounts  to  promote  early  and  continuous 
growth.  Potassium  is  essential  for  the  production  of  starch 
and  sugar.  An  application  of  Mixture  No.  8  (p.  603)  is 
recommended  at  the  rate  of  500  to  800  pounds  an  acre,  har- 
rowed into  the  soil  just  before  planting. 

Lettuce  of  good  quality  is  tender  and  crisp.  These 
qualities  can  be  secured  only  by  an  abundant  supply  of  plant- 
foods  which  promote  rapid  and  continuous  growth.  Inter- 
ruption of  steady  growth  results  in  fibrous,  tough  character 
of  leaf  and  bitterness  of  taste.  Clay  loams  with  abundance 
of  organic  matter  are  adapted  to  lettuce  growing.  Some 
growers  use  as  much  as  1,500  to  2,000  pounds  or  even  more 
per  acre.  Ordinarily,  on  good  soils,  an  application  of  800  to 
1,200  pounds  per  acre  of  Mixture  No.  8  (p.  603)  will  be 
found  sufficient,  especially  if  supplemented  by  two  or  three 
applications  of  sodium  nitrate  (p.  532)  at  the  rate  of  100 
pounds  an  acre,  after  the  crop  is  well  started,  at  intervals  of 
10  days  or  2  weeks ;  it  can  be  distributed  broadcast  along  the 
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rows  and  well  worked  in.  Some  growers  in  using  lai^ 
amounts  of  a  complete  fertilizer  put  it  all  on  the  soil  in  one 
application  about  one  week  before  putting  in  crop.  Others 
use  the  same  amount  in  three  applications,  putting  on  one- 
half  a  week  before  putting  in  the  crop  and  the  remaining 
half  in  two  subsequent  equal  applications. 

Spinach  is  used  for  cooking  in  the  form  of  greens.  The 
conditions  of  soil,  growth,  cultivation  and  treatment  with 
fertilizers  are  essentially  the  same  as  for  lettuce. 


GROWING  ONIONS  FOR  SEED.       BUREAU  OF  PLANT  INDUSTRY, 
V.  S.  DEFT.  OF  AGR, 

Onions  are  now  grown  as  one  of  the  specialties  by 
market-gardeners  and  to  some  extent  by  fanners  engaged 
in  raising  general  crops,  where  soil  and  climatic  conditions 
are  especially  favorable. 

(i)  Crop-rotatinn  for  onions. — Generally  speaking,  the 
rotation  for  onion  crops  should  be  such  that  the  soil  will  be 
as  free  as  possible  from  weeds  and  well  provided  with 
organic  matter.    A  second  crop  of  cfover,  well  covered -with 
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farm  manure  in  the  fall  and  plowed,  followed  by  potatoes 
the  next  season,  makes  a  good  preparation  for  onions  the 
year  following. 

(2)  Soil  and  preparation. — Rich,  welMrained  loams,  with 
abundance  of  organic  matter,  are  best  adapted  to  onions. 
Some  soils  suited  to  celery  are  used  also  for  onions,  espe- 
cially deep,  rich  muck  soils  that  have  been  under  crops  for 
a  few  years,  and  in  which  the  water-level  is  about  2^  feet 
below  the  surface  of  the  soil.  The  soil  should  be  made  mel- 
low and  well  pulverized  as  for  most  garden  crops. 

(3)  Fertilisers, — Farm  manure,  when  used,  is  best  applied 
to  a  preceding  crop.  With  a  soil  containing  an  abundance  of 
organic  matter,  800  to  1,200  pounds  per  acre  of  Mixture  No. 
8  (p.  603)  can  be  used,  being  applied  broadcast  and  well 
worked  in  before  planting.  In  the  case  of  very  early  onions, 
where  rapid,  early  growth  is  important,  Mixture  No.  8  can 
be  used,  supplemented  with  50  to  100  pounds  of  sodium 
nitrate  per  acre  after  the  crop  is  well  started,  and  another 
similar  top-dressing  2  or  3  weeks  later  (p.  532). 

(4)  Seeding, — The  seed  should  be  put  in  the  ground  as 
early  as  the  land  can  be  properly  prepared.  When  done  in 
the  ordinary  way,  the  rows  are  12  to  14  inches  apart  for 
hand  cultivation  or  30  inches  for  horse  cultivation.  About 
18  to  30  seeds  are  sown  per  foot  and  covered  I  inch.  From 
3  to  6  pounds  an  acre  are  used. 

Another  method  is  to  start  the  onions  with  seed  sown  in 
a  greenhouse  or  in  hotbeds  about  6  weeks  ahead  of  usual 
time  for  seeding  and  then  transplanting  in  the  field  as  soon 
as  soil  conditions  are  suitable. 

The  early  small  table  onions  that  are  served  raw  are  gen- 
erally grown  from  sets,  or  little  bulbs,  which  are  produced 
by  drilling  in  30  to  40  pounds  of  seed  per  acre ;  the  very  thick 
seeding  results  in  the  production  of  very  small  bulbs,  which 
are  harvested  in  August  or  September.  The  thick  seeding 
is  for  the  purpose  of  preventing  the  sets  becoming  too  large 
under  generous  application  of  plant- foods.    Another  method 
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of  seeding  for  sets  is  to  sow  the  seed  thickly  in  rows  about  3 
inches  wide  with  a  distance  of  about  8  inches  between  rows. 
When  these  little  onions,  called  sets,  are  put  in  the  field  2 
or  3  inches  apart  and  about  3  inches  deep,  a  new  bulb  is 
formed  which  is  ready  for  the  table  early  in  summer.  In 
the  South,  sets  may  be  planted  in  the  fall  As  stated  above, 
rapid,  early  growth  is  desirable  and  should  be  promoted  by 


EXPERIMENTS  WITH  TOMATOES 

Each  [ule  of  tomatoes  was  raised  on  the  same  area  of  land  and  a 
complete  fertilizer  was  used  in  each  case.  The  small  pile  was  grown 
by  pruning  to  single  stem  and  staking,  without  mulcning  or  irriga- 
tion. The  lat^e  pile  was  grown  on  untrained  vines  which  were 
mulched  with  straw  and  surface  irrigated.    Georgia  Station. 

liberal  applications  of  readily  available  plant-food  Mixture 
No.  8  (p.  603 ),. followed  by  a  top-dressing  of  loo  pounds  of 
sodium  nitrate  per  acre,  when  growth  is  well  started. 

Tomatoes  are  grown  very  widely  in  the  United  States 
both  in  home  gardens  and  as  a  field  crop,  llore  tomatoes 
are  canned  than  of  any  other  vegetable. 

(i)  Crop-rotations  for   tQmatocs. — Generally   speaking, 
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tomatoes  can  replace  potatoes  in  rotation  with  otiier  crops 

(p.  498). 

(2)  SoU  and  preparation. — ^Tomatoes  grow  on  a  great 
variety  of  soils  from  heavy  clays  to  light,  sandy  soils.  For 
field  crops  to  be  used  in  canning,  good  clay  loams  furnish 
large  yields.  For  early  tomatoes,  warm,  light,  well-drained, 
rich  sandy  loams  are  requisite.  Ordinarily,  any  soil  that 
raises  good  crops  of  potatoes  is  adapted  to  growing  tomatoes. 
The  methods  of  preparing  soil  for  tomatoes  are  essentially 
the  same  as  in  the  case  of  potatoes  (p.  600). 

(3)  Fertilizers. — ^The  amounts  and  kinds  of  plant-food 
materials  depend,  of  course,  upon  the  character  and  condi- 
tion of  the  soil  and  also  upon  the  length  of  the  growing 
period. 

For  early  tomatoes,  on  soils  which  from  previous  treat- 
ment are  known  to  be  well  supplied  with  phosphorus  and 
potassium,  an  application  of  400  to  600  pounds  of  Mixture 
No.  4  (p.  562)  may  be  used  at  the  time  of  transplanting;  or 
one-half  of  this  amount  may  be  used  at  that  time  and  the 
other  half  3  or  4  weeks  later.  In  the  case  of  soils  in  good 
mechanical  condition  but  deficient  in  available  plant-food 
supply,  apply  500  pounds  of  Mixture  No.  8  (p.  603)  per 
acre  just  previous  to  setting  the  plants  and  work  it  well  into 
the  soil;  then,  after  the  plants  are  set,  apply  around  them 
50  to  75  pounds  of  sodium  nitrate  per  acre  (p.  532).  In  3  or 
4  weeks,  apply  75  to  150  pounds  more  of  nitrate  an  acre 
around  the  plants,  taking  the  usual  precautions.  This 
method  insures  quick  growth  from  the  start  without  risk  of 
the  excessive  growth  of  vine  that  comes  from  exclusive  or 
excessive  use  of  sodium  nitrate. 

When  farm  manure  is  used,  it  should  be  distributed  uni- 
formly over  the  entire  surface  of  the  soil  and  thoroughly 
worked  in  before  plants  are  set,  using  not  more  than  10  or 
12  tons  per  acre.  The  nitrate  is  then  applied  as  directed 
above.  Excessive  use  of  fresh  manure  must  be  avoided  for 
early  tomatoes,  since  the  urinary  nitrogen  tends  to  promote 
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excessive  growth  of  leaves  and  stems  at  the  expense  of  fruit 
and  also  delays  the  formation  and  ripening  of  fruit.  There- 
fore, whenever  fresh  manure  is  used  at  all  extensively,  gen- 
erous applications  of  phosphorus  and  potassium  compounds 
should  be  made  in  order  to  prevent  the  effects  that  come 
from  the  presence  of  a  proportion  of  nitrogen  too  large  in 
relation  to  phosphorus  and  potassium  (p.  517). 

For  late  tomatoes,  on  good  soils,  500  pounds  of  Mixture 
No.  8  (p.  603)  can  be  used ;  on  poorer  soils,  1,000  pounds  of 
Mixture  No.  9  (p.  603). 

Eggplant. — In  general  treatment  and  culture,  egg- 
plant resembles  the  tomato,  with  the  exception  that  its  grow- 
ing season  is  longer  and  on  this  account  Mixture  No.  9  is 
used. 

Table  61 — ^Approximate  Amounts  of  Plant-Food  Con- 
stituents IN  One  Crop 


Cfop 


AsparaguB  . . . . 
Beans,  string. . 

Beans,  field  . . . 

Toua 

Beets,  garden  . 

Cabbage  

Cauliflower  . . . 

Celery 

Com,  sweet . . . 
Cucumbers  . . . 

Eggplant 

Lettuce 

Onions   

Muskmelons  . . 

Peas,  garden  . . 

Total 

Pumpkins  . . . . 

Rhubarb 

Spinach 

Tomatoes  . . . . 
Watermelons . . 


Portion 

Tield 
per  acre 

Nitro- 
gen 

Lbs. 

Tops 

2000  lbs. 

7.0 

Green  pods 

4000    " 

10.0 

Seeds 

25  bu. 

60.0 

Straw 

2000  lbs. 

28.0 
88.0 

Tops  &  young 

beets 

5000  lbs. 

17.5 

Heads 

20000   " 

60.0 

•• 

15000   " 

42.0 

Tops 

loooo  •• 

25.0 

Bars 

4000   *' 

18.0 

Edible  part 

100  bu. 

5.5 

*«       •« 

4000  lbs. 

8.0 

Leaves 

8000    " 

20.0 

Bulbs 

300  bu 

39.3 

Fruit 

10000    " 

22.0 

Green  seeds 

1000    " 

11.5 

"      pods 

4000    " 

10.0 
21.0 
32.0 

5000    " 

Fruit 

20000    " 

Stems 

20000    " 

20.0 

Stems  8t  leaves 

10000    " 

50.0 

Fruit 

250  bu. 

30.0 

Fruit 

20000  lbs. 

34.0 

Phosphoric 
acid  (PsOs) 


Lbs. 


2.0  (  0.9P) 
3.2  (  1.  ~ 


4P5 


18.0  (  8.  P) 
6.0  (  2.6P) 

24.0  (10.6P) 


5.0 

20.0 

15.0 

20.0 

8.0 

3.3 

2.0 

6.4 

15.4 

8.0 


2.2P) 
8.8P) 
6.6P) 
8.8P) 
3.5P) 
1.4P) 
0.9P) 
2.8P) 
6.8P) 
3.5P) 


3.0 
2.0 


[  h:'^' 


9P) 


5.0  (  2.2P) 


14.0 
8.0 
15.0 
10.5 
12.0 


(6.2P) 
3.5P5 
6.6PJ 
6.  PI 
5.3P1 


Potash  (KsO) 


Lbs. 
5.0  (  4.  K) 
12.0  (10.  K) 

19.5  fl6.2K) 
38.0  (31.5K) 

57.5  (47.7K) 


4.5  (  3.7K) 
8.0  (  6. 


6K) 


12.5  (10.3K) 


CHAPTER  XXXIII 

GREENHOUSE  CROPS,  NURSERY  CROPS  AND 

ORNAMENTAL  PLANTS 

I 

The  plant-food  needs  of  the  plants  embraced  under  the 
heading  of  this  chapter  have  received  much  less  sys- 
tematic, experimental  study  from  trained  investigators 
than  any  other  class  of  agricultural  crops.  The  practices 
commonly  followed  are  based  largely  on  tradition  and, 
while  representing  the  results  of  extended  observation 
and  experience,  they  are  undoubtedly  susceptible  of  much 
improvement,  if  we  may  judge  from  the  eagerness  with 
which  every  reasonable  suggestion  is  accepted  and  tested 
by  those  most  interested  in  these  crops.  Outside  of  the 
natural  soil  supply,  farm  manure  has  been  depended  on 
as  the  chief  source  of  plant-food. 

It  is  our  purpose  to  bring  together  such  information 
as  is  available  in  relation  to  the  feeding  of  these  crops 
and  especially  in  respect  to  the  manner  in  which  commer- 
cial fertilizing  materials  can  be  utilized. 

GREENHOUStt  CROPS 

Crops  grown  under  glass  for  commercial  purposes  in- 
clude vegetables,  flowers  and,  to  some  extent,  non-flower- 
ing ornamental  plants.  The  vegetables  most  commonly 
raised  as  forcing-house  crops  are  lettuce,  tomatoes,  cu- 
cumbers and  radishes.  With  the  recent,  rapid  develop- 
ment of  truck-gardening  in  the  South,  the  number  of 
greenhouse  vegetables  that  can  be  grown  to  commercial 
advantage  in  the  North  has  been  necessarily  limited.  The 
flowers  that  are  most  extensively  grown  are  roses,  carna- 
tions, violets  and  chrysanthemums.    All  sorts  of  potted 
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plants,  flowering  and  non-flowering,  are  grown,  most  of 
which  find  their  way  as  house  plants  into  the  homes  of 
purchasers,  most  of  whom  have  little  or  no  knowledge 
in  regard  to  the  methods  of  feeding  plants  of  any  kind. 

Economy  of  time  is  an  important  factor  in  relation  to 
forcing-house  management,  the  main  object  being  to 
push  a  crop  to  its  marketable  condition  as  rapidly  as  con- 
sistent witli  quality  of  product.    The  general  purpose  is 
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somewhat  the  same  as  in  case  of  early  market-garden 
crops,  but  in  the  greenhouse  every  effort  is  made  to  have 
all  conditions,  as  far  as  possible,  under  strict  control  so 
I  as  to  promote  rapid  growth.     The  amount  of  soil  used 

I  is  comparatively  insignificant,  especially  wlien  we  con- 

I  pider  the  vegetable  growth  often  taken  from  it  in  com- 

I  parison  with  the  same  area  of  field  soil.     Such  rapid, 

i  large  growth  of  plant  material  in  the  quickest  time  possi- 

ble means  generous  amounts  of  quickly  available  plant- 
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food  supplies.  While  nitrogen,  phosphorus  and  potas- 
sium form  only  a  small  fraction  of  the  actual  substance 
of  the  plant  itself,  we  must  remember  that  the  processes 
of  assimilation,  upon  which  plant  growth  depends,  are 
largely  controlled  by  the  amounts  of  these  plant-food 
constituents  that  are  ready  at  just  the  time  needed  and 
in  sufficient  amounts.  Greenhouse  crops,  in  order  to 
grow  quickly  and  satisfactorily,  must  be  well  and  prop- 
erly fed. 

Before  taking  up  special  crops  for  detailed  study,  we 
will  discuss  in  a  somewhat  general  way  the  relations  of 
soils  and  fertilizers  to  forcing-house  plants. 

Soils. — For  growing  plants  under  glass,  soils  should 
be  rich  in  well-decomposed  organic  matter,  which  is 
often  mentioned  in  greenhouse  literature  as  "fibrous 
material."  The  origin  and  the  properties  of  organic 
matter  in  soils  have  been  fully  discussed  elsewhere 
(p.  117).  This  is  essential  to  a  mellow  and  porous 
soil,  properties  which  forcing-house  soils  must  pos- 
sess. Organic  matter  may  be  supplied  by  means  of  grass 
sod,  horse  or  cow  manure,  leaf-mold,  finely  divided  peat 
or  muck,  etc.  Whatever  its  source,  it  is  essential  that 
the  organic  matter  be  so  completely  decomposed  that 
all  coarse  material  shall  have  largely  lost  its  original 
structure,  and  become  soft  and  of  fine  texture.  Too  much 
clay  IS  undesirable,  since  it  produces  too  great  compact- 
ness in  the  soil,  interfering  with  the  extension  of  grow- 
ing rootlets,  lacking  in  sufficient  circulation  of  air,  hold- 
ing water  too  tenaciously,  hardening  on  the  surface,  etc. 
On  the  other  hand,  too  much  organic  matter  in  the  form 
of  coarse,  undecomposed  farm  manure  is  undesirable, 
since  it  causes  too  much  looseness,  which  results  in  ex- 
cessive ventilation  and  too  rapid  drying.  Greenhouse 
soil  is,  however,  essentially  artificial  and  is,  therefore, 
under  much  better  control  than  the  soil  of  fields.  Good 
soil  is  ordinarily  made  by  combining  rich  garden  loam  or 
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decomposed  sod,  sharp  sand,  and  well-decomposed  or- 
ganic matter  containing  considerable  nitrogen,  as  in  case 
of  farm  manure,  which  is  the  material  commonly  used. 
There  may  be  added  also  some  fine  bone-meal  or  bone- 
flour  for  the  special  purpose  of  furnishing  phosphorus, 
with  some  additional  nitrogen.  Finely-ground  charcoal  is 
used  in  some  cases  to  increase  porosity  as  well  as  water- 
holding  power.  Other  materials  are  used  for  special  pur- 
poses in  case  of  individual  crops.  The  proportions  of 
different  materials  are  made  to  vary  to  suit  the  special 
requirements  of  each  crop,  being  made  heavier  or  lighter 
or  richer  in  organic  matter,  etc. 

As  a  type  of  preparation  commonly  used  for  general 
greenhouse  purposes,  the  following  mixture  will  serve: 
One  third,  each,  of  (i)  mellow  garden  soil,  or  well-decom- 
posed grass  sod,  (2)  sharp  sand,  and  (3)  well-decom- 
posed cow,  horse,  or  mixed  farm  manure.  In  preparing 
the  decomposed  sod  and  manure,  the  sod  may  be  cut  and 
made  into  a  pile  to  decompose  by  itself,  and  the  manure 
into  a  separate  pile  under  proper  precautions  (pp.  316- 
327).  These  are  forked  over  occasionally  and  finally 
mixed  when  ready  for  use.  Another,  and  usually  prefer- 
able, method  is  to  compost  the  sod  and  manure  together, 
forking  over  a  few  times  to  promote  decomposition  (p. 
325),  and  mixing  with  garden  soil  and  sand  in  desired 
proportions  when  ready  for  use.  The  constituents  should 
be  thoroughly  mixed.  When  completed,  the  soil  is  put 
into  beds  or  benches  to  the  depth  of  6  to  8  inches;  the 
same  kind  of  soil  is  used  for  potted  plants. 

It  is  common  to  clean  out  the  benches  and  change  such 
soils  every  year,  because,  as  a  result  of  cropping,  the  soil 
is  apt  to  be  impaired  in  its  physical  properties  and  chem- 
ical composition  and,  in  part,  because  it  is  usually  in- 
fested with  germs  of  plant  diseases  and  insects  or  their 
eggs.  Remaking  is  usually  easier  and  safer  than  trying 
to  restore  used  soil.    There  is  more  or  less  prevalent  a 
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practice  of  restoring  used  greenhouse  soils  by  steriliza- 
tion with  steam,  both  before  its  first  use  and  also  in  the 
way  of  renewal.  This  has  the  advantage  of  killing  in- 
sect pests,  undesirable  micro-organisms  and  weed  seeds; 
but  desirable  forms  of  life  are  also  destroyed,  such  as 
decomposing,  ammonifying  and  nitrifying  organisms 
(pp.  198-210).  These  can,  however,  be  easily  introduced 
again  by  treatment  with  a  small  amount  of  good  stable 
manure. 

It  is  interesting  to  call  attention,  in  this  connection,  to 
the  fact  that  excellent  results  have  been  obtained  by  de- 
parting wholly  from  the  traditional  method  of  preparing 
greenhouse  soils,  making  up  a  purely  artificial  soil  from 
such  materials  as  sifted  coal-ashes,  sand,  peat-moss,  etc., 
which  contain  little  plant-food,  and  treating  with  com- 
mercial fertilizing  materials. 

In  the  absence  of  farm  manure  or  other  desirable  form 
of  organic  matter,  any  rich  garden  loam  can  be  success- 
fully used  for  ordinary  greenhouse  work  by  mixing  it 
thoroughly  with  plant-food  materials  at  the  time  of  filling 
the  benches  or  pots  and  then  keeping  it  well  supplied 
with  additional  plant-food  materials  after  the  plants  are 
well  started.  However,  in  growing  some  special  crops, 
like  certain  cut  flowers  and  vegetables,  much  care  must 
be  taken  to  have  the  soil  possess  certain,  definite  charac- 
teristics in  respect  to  texture  and  structure  (p.  loi).  In 
using  such  soil  one  can  at  the  time  of  filling  the  beds 
use  for  each  100  square  feet  i  or  2  pounds  of  Mixture  No. 
ID  A  (p.  609),  applying  this  or  some  other  mixture  once 
in  10  to  15  days  in  the  amounts  and  manner  indicated 
(p.  649).  It  is  essential  to  keep  plenty  of  organic  mat- 
ter in  the  soil ;  and,  when  the  soil  is  made  up,  the  use  of 
a  pound  or  so  of  fine-ground  limestone  or  marl  may  be 
found  advantageous. 

Fertilizers. — Before  discussing  the  use  of  specific  plant- 
food  mixtures  for  individual  greenhouse  crops,  we  will 
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call  attention  to  some  general  features,  which  will 
be  taken  up  in  the  following  order:  (i)  Farm  manure, 
(2)  wood-ashes  and  bone-meal,  (3)  commercial  plant- 
food  materials,  (4)  when  to  begin  feeding,  (5)  overfeed- 
ing, (6)  relations  to  light,  temperature  and  moisture,  (7) 
liming. 

(i)  Farm  manure  is  used  in  three  ways:  (a)  As  a  part 
of  the  greenhouse  soil  introduced  when  the  soil  is  made ; 
(b)  as  a  mulch  after  plants  are  well  rooted;  (c)  as  water- 
extract.  The  first  method  of  use  has  been  dwelt  upon 
already.  When  used  as  a  mulch,  well-decomposed  horse, 
cow,  sheep,  or  mixed  manure  is  applied  to  the  soil  sur- 
face in  a  layer  not  over  half  an  inch  deep ;  it  is  generally 
best  to  sterilize  manure  by  steam  before  using  it  as  a 
mulch.  When  the  manure  mulch  has  largely  disappeared, 
a  second  application  may  be  made,  and  with  some  crops, 
further  additions.  When  used  as  a  mulch,  manure  rich  in 
urinary  nitrogen  may  give  off  ammonium  carbonate  to 
such  an  extent  as  to  injure  the  mulched  plants,  espe- 
cially when  used  in  considerable  amounts  and  in  a  very 
warm  place. 

Water-extract  of  animal  manures,  commonly  known  as 
liquid  manure,  has  been  the  chief  source  of  plant- food  in 
traditional  forcing-house  methods.  Several  ways  cf 
preparing  liquid  manure  are  used,  but  the  product  is,  of 
necessity,  very  variable  in  composition,  owing  to  varia- 
tion in  the  composition  of  the  material  extracted.  The 
follov.ing  method  is  probably  as  good  as  any:  For  50 
gallons  of  water  use  20  pounds  of  comparatively  dry, 
well-decomposed  horse,  or  cow,  or  mixed  manure,  or  10 
to  12  pounds  of  pulverized  sheep  manure,  or  5  to  8  pounds 
of  air-dried  hen  manure.  For  convenience,  the  manure, 
placed  in  a  coarse  gunny  sack,  is  soaked  in  the  50  gallons 
of  water  for  two  or  three  days ;  the  sack  is  occasionally 
moved  up  and  down  vigorously  in  the  w^ater  and  the  con- 
tents are  stirred  and  mashed  with  a  blunt  stick.    Larger 
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amounts  of  manure  may  be  used  for  the  same  amount  of 
water  and  then  diluted  before  application,  enough  to 
make  it  the  proper  strength.  This  water  extract  is  used 
on  soils  once  in  a  week  or  ten  days,  the  treatment  de- 
pending upon  the  crop.  Fresh  manure  is  not  used  for 
making  the  wafer  extract,  because  its  urinary  nitrogen, 
changing  into  ammonium   carbonate,  makes  a  solution 
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which  has  to  be  employed  with  extreme  care  for  fear  of 
overfeeding  with  nitrogen  or  of  burning  the  plants. 

(2)  Wood-ashes  and  bone-meal. — In  addition  to  farm 
manure,  there  have  been  used  more  or  less  extensively 
for  greenhouse  crops  wood-ashes  and  bone-meal.  These 
are  applied  to  the  surface  of  the  soil  and  worked  in 
lightly.     Wood-ashes   furnish   potassium,  a  very  small 
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amount  of  phosphorus  and  considerable  amounts  .of  cal- 
cium carbonate.  The  good  effect  of  wood-ashes,  usually 
ascribed  to  potassium,  is  probably  more  often  due  to  the 
results  of  neutralizing  soil  acidity  by  both  the  potassium 
and  calcium  carbonate  and  making  conditions  more  favor- 
able for  the  process  of  nitrification  (p.  204).  The  un- 
certain composition  of  wood-ashes,  together  with  their 
high  price  in  relation  to  their  plant-food  value,  often 
makes  their  use  unsatisfactory. 

Bone-meal  has  been  used  in  large  amounts  in  green- 
house soils.  Raw  bone-meal  is  less  quickly  available 
than  the  steamed  (p.  435),  though  it  contains  more  nitro- 
gen. Probably,  bone-flour  gives  the  best  results,  when 
all  things  are  considered.  Bone  products  should  be  free 
from  salt  for  greenhouse  use.  They  have  the  following 
advantages:  (i)  They  are  lasting  on  account  of  their 
moderate  availability;  (2)  they  furnish  phosphorus,  and 
some  nitrogen;  (3)  they  can  be  used  in  fairly  large 
amounts  without  burning  or  otherwise  injuring  crops; 
(4)  they  are  in  a  convenient  form  to  apply.  It  appears 
to  be  the  custom  among  many  to  regard  bone-meal  as  a 
general  cure-all  and  to  resort  to  its  use  for  all  possible 
purposes. 

(3)  Commercial  plant-food  materials, — Under  this  divi- 
sion, we  will  discuss  the  following  topics:  (a)  Different 
materials,  (b)  plant-food  mixtures,  (c)  application. 

(a)  Different  materials. — There  can  be  used  the  vari- 
ous materials  already  mentioned  (pp.  244-287)  and  there 
are  additional  ones  which,  while  too  expensive  for  field 
purposes,  may  not  be  found  too  extravagant  for  some 
forms  of  greenhouse  crops.  In  order  that  a  reasonably 
complete  list  may  be  at  hand  for  easy  reference,  we  in- 
clude those  already  given,  as  well  as  several  not  previ- 
ously mentioned  which  may  be  used  for  experiment. 
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Table -62 — List  of  Plant- Food  Materials  for  Special 

Greenhouse  Work. 


Materials 


Containing  Nitrogen 

Ammonium  sulphate  (p.  246) 

Ammonium  nitrate  (p.  251) 

Sodium  nitrate  (p.  244) 

Containing  Phosphorus 

Acid  phosphate  (p.  271) 

Double  superphosphate  (p.  275) 

Di -sodium  phosphate  (Na2HP04)  dry. . 

Tri-sodium  phosphate  (NaaPOO  dry.. 
Containing  Potassium 

Potassium  chloride  (p.  279) 

Potassium  sulphate   (p.  280) 

Containing  Nitrogen  and  Phosphorus 

Ammonium  phosphate  (NH4)sP04) 

Containing  Nitrogen  and  Potassium 

Potassium  nitrate  (p.  252) 

Containing  Potassium  and  Phc^phorus 

Di-potassiimi  phosphate  (K2HP04)  dry 

Tri-potassium  phosphate  (K3PO4)   dry 


Nitrogen 


Per  cent, 

20  to  25 
32  to  35 
15  to  16 


35.0 
13.0 


Phosphoric 
acid 

Per  cent. 


14  to  16  (6.SP) 
40.0     (17.5P 
50.0     (22.  P 
43.0     (19.  P; 


47.5     (21.  P) 


40.7     (18.  P) 
33.4     (14.7P) 


Potash 


Per  cent. 


50.0  (41.5] 
4&0(40.  ] 


44.0  (36.5K) 

22.5  (18.7K) 
39.0  (32.4K) 


P,  phosphorus.       K,  ix>tassium. 

While  some  of  these  materials,  such  as  ammonium 
phosphate  and  the  potassium  phosphates,  are  at  present 
found  only  in  pure,  high-priced  forms,  a  cheaper  commer- 
cial product  could  be  prepared  at  reasonable  cost,  if  there 
were  sufficient  demand.  The  ordinary  dry  sodium  phos- 
phate of  the  drug-stores  is  the  di-sodium  phosphate  and 
contains  about  40  per  cent,  of  phosphoric  acid  (18P)  ; 
this  can  be  purchased  in  large  amounts  from  manufactur- 
ing drug  and  chemical  houses  at  prices  that  make  the 
material  available  for  some  purposes.  This  compound 
has  the  advantage  of  dissolving  easily  in  water. 

From  the  above  list,  four  compounds  can  be  selected 
possessing  ideal  qualifications,  from  a  chemical  point  of 
view,  for  use  in  feeding  plants:  Ammonium  nitrate,  am- 
monium phosphate,  potassium  nitrate  and  potassium 
phosphate.  They  possess  two  marked  advantages:  (i) 
Easy  solubility,  and  (2)  freedom  from  constituents  not 
used  by  plants.     In  most  of  the  plant-food  materials  we 
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use,  we  are  compelled  for  the  sake  of  economy  to  use 
compounds  containing  constituents  we  do  not  need  to 
use,  such  as  chlorine  in  potassium  chloride,  sulphuric 
acid  in  potassium  sulphate,  sodium  in  sodium  nitrate, 
gypsum  in  superphosphates,  etc.  These  constituents  are 
largely  left  in  the  soil  and  may  or  may  not  be  desirable, 
according  to  special  conditions.  In  using  compounds 
like  the  four  mentioned  above,  the  constituents  are  all 
plant-food  and  no  residues  of  useless  or  objectionable 
materials  are  left  in  the  soil.  They  can  all  be  applied  in 
solution  and  their  amounts  closely  regulated. 

Prejudice  against  the  use  of  so-called  chemicals  has 
been  very  general  and  probably  ■  is  still.  This  is  due 
to  lack  of  familiarity  with  their  use  and  the  tendency 
to  use  too  strong  applications.  Few  appreciate  that 
these  materials  are  extremely  concentrated  and  are  most 
useful  only  when  very  dilute ;  when  used  otherwise,  they 
are  poisons. 

(b)  Plant-food  mixtures  for  greenhouse  crops. — Sev- 
eral fertilizer  formulas  have  been  published  for  use,  espe- 
cially in  growing  flowers  under  glass.  These  vary 
greatly.  Some  are  apparently  based  on  formulas  for  field 
crops  containing  about  i  part  of  nitrogen,  2  of  potash 
and  3  of  phosphoric  acid.  One  formula  which  has  found 
extensive  use  contains  i  part  of  phosphoric  acid,  2  of 
potash  and  3  of  nitrogen,  having  the  relative  amounts 
of  phosphorus  reversed  in  comparison  with  the  preceding, 
a  proportion  based  apparently  on  the  composition  of 
some  plant.  Another  writer  has  published  four  mixtures 
for  one  special  plant,  representing  plant-food  constitu- 
ents in  three  different  sets  of  proportions. 

Recognizing  the  fact  that  forcing-house  soils  are  made 
rich  in  nitrogen,  it  is  a  safe  basis  to  assume  that  one 
needs  to  apply  only  about  one-half  the  amount  of  nitro- 
gen which  one  would  use  on  an  ordinary  soil.  On  this 
assumption,   a   plant-food   mixture   adapted   for   general 
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forcing-house  use  would  contain  i  part  of  nitrogen  to  2 
parts  each  of  phosphoric  acid  and  potash  or,  if  repre- 
sented by  a  formula,  4  per  cent,  of  nitrogen,  8  of 
phosphoric  acid  (3.5?)  and  8  of  potash  (6.sK),  which 
is  so  nearly  like  the  plant-food  proportions  in  our 
Mixture  No.  8  (4 — 8 — 10,  p.  603),  that  we  can  safely 
adopt  it  with  some  modifications  as  to  materials,  when 
desired  for  special  conditions.  With  materials  better 
adapted  to  greenhouse  usos,  we  suggest  the  mixtures 
given  below.  It  should  be  stated  that  when  using  bone- 
meal  we  apply  larger  amounts  than  called  for,  on  the 
ground  that  only  a  little  more  than  one-half  of  the  phos- 
phorus becomes  available  to  the  growing  crop.  The  bone 
is  assumed  to  be  steamed  bone-meal  or  flour,  containing 
about  2  per  cent,  of  nitrogen  and  20  of  phosphoric  acid. 
The  am.ounts  of  materials  are  given  on  the  basis  of  one 
ton,  but  can  easily  be  reduced  to  a  basis  of  100  pounds,  or 
such  other  amount  as  one  may  desire  to  make. 

Plant-food  mixture  No.  11  A. — For  general  use  zvith 
forcing-house  crops. 

Sodium  nitrate 300  lbs.  (  45  lbs.  nitrogen) 

Anunonium  sulphate.      100  "    (20  " 

Acid  phosphate 500  "    (  70  "    available  phosphoric  acid,  or  31  lbs.  P) 

Bone  flour  (2 N-2OP2O5)  700  "  (140  '*  phosphoric  acid  (62?)  and  14  lbs.  nitrogen) 
Potassium  sulphate..     400  *'    (200   "    potash,  or  165  lbs.  K) 

This  mixture  is  to  be  applied  dry  on  the  surface  and 
worked  lightly  into  the  soil,  using  at  the  rate  of  i6  to  24 
ounces  for  100  square  feet  of  soil.  It  can  be  used  when 
only  moderate  rapidity  of  action  is  desired. 

Plant-food  Mixture  No.  11  B. — Applied  in  solution  for 
use  zvhen  quick  action  is  desired. 

Sodium  nitrate 250  lbs.  (  40  lbs.  nitrogen) 

Potassium  nitrate 950  "    (120   "        **         and  400  lbs.  potash, 

or  332  lbs.  K) 
Di -sodium  phosphate  (dry). .     800  "    (360  "    phosphoric  acid,  or  160  lbs.  P) 

Owing  to  the  concentrated  form  of  the  materials  used, 
one  ton  contains  twice  as  much  nitrogen,  phosphorus  and 
potassium  as  the  preceding  mixture  and,  moreover,  all 
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of  It  goes  into  solution,  while  in  A  only  a  little  over  one- 
half  IS  water-soluble.  This  is  therefore  applied  in  smaller 
amounts;  6  to  8  ounces  are  dissolved  in  50  gallons  ol 
water  and  applied  to  100  square  feet  of  soil  surface. 

Plant-food  Mixture  No.  11  C. — Applied  in  solution  fof 
use  when  less  rapid  action  of  nitrogen  is  desired. 

Sodium  nitrate 150  lbs.  (  22  lbs.  nitrogen) 

Ammonium  sulphate  . .       300  "    (  60  "  "       ) 

Acid  phosphate 1150  **    (160  **    available  phosphoric  add,  or  70  Iba.  P| 

Potassium  sulphate  . . .       400  "    (200  '*    potash,  or  165  lbs.  K) 

The  rate  of  application  is  12  to  16  ounces  in  50  gallons 
of  water  for  100  square  feet  of  soil  surface. 

For  greenhouse  soils  consisting  of  good  garden  loam 
without  admixture  of  manure,  Mixture  No.  4  (p.  562)  can 
be  used  at  the  rate  of  16  to  24  ounces  for  icx)  square  feet  of 
soil,  sprinkling  on  the  surface  and  lightly  working  in,  ot 
dissolving  in  50  gallons  of  water  before  applying. 

When  one  is  using  a  solution  regularly,  it  will  be  con* 
venient  to  dissolve  it  in  larger  amounts  and  store  the  solu- 
tion in  a  tank.  The  solution  should  be  well  stirred  from 
the  bottom  of  the  tank  before  using,  if  it  has  been  undis- 
turbed for  two  or  three  days.  The  solution  may  thus  be 
stored  in  more  concentrated  form  and  diluted  properly 
before  applying. 

(c)  Application  of  plant-food  mixtures. — In  making 
applications  of  soluble  compounds  to  greenhouse  soils, 
one  is  partly  guided  in  respect  to  the  amount  of  applica- 
tion by  the  fact  that  the  feeding  roots  of  plants  are  liable 
to  injury  when  the  soil  solution  is  more  concentrated 
than  I  pound  of  soluble  matter  in  500  pounds  of  water. 
There  is  a  greater  liability  to  harm  in  case  of  soils  de- 
ficient in  organic  matter  or  humus,  especially  light  soils. 
This  relation  has  been  taken  into  consideration  in  giving 
the  amounts  stated  above.  In  the  use  of  any  kind  of 
plant-food  in  solution,  care  must  be  taken  not  to  begin 
with  too  strong  a  solution.  In  forcing-house  work,  it  is 
easy  to  make  application  of  plant-food,  especially  in  solu- 
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tion,  and  the  principle  is  carried  out  of  making  several 
applications  of  a  more  dilute  solution  instead  of  more 
concentrated  solutions  at  longer  intervals.  A  rule  used 
by  some  is  to  dissolve  the  plant-food  material  at  the  rate 
of  I  ounce  in  i  gallon  of  water  and  apply  2  quarts  per 
yard  of  soil  surface,  which  is  at  about  the  rate  of  5^ 
ounces  for  100  square  feet. 

It  is  best  not  to  make  applications  of  plant-foods  on 
very  hot  or  on  very  cloudy  days ;  in  one  case,  the  plant- 
food  constituents  are  absorbed  too  rapidly,  while  in  the 
other  there  is  danger  of  suffocation  of  roots. 

Frequency  of  application  is  governed  largely  by  the 
kind  of  crop  one  is  growing.  Ordinarily,  when  vigorous 
feeding  is  desired,  applications  are  made  at  intervals  of 
7,  10  and  14  days,  as  long  as  necessary  to  secure  the  de- 
sired results. 

Feeding  of  forcing-house  crops  is  usually  begun  only 
after  growth  is  well  started,  and  the  soil  well  filled  with 
roots.  If,  at  any  time,  plants  show  signs  of  overfeeding 
with  nitrogen  (p.  412),  the  quickest  way  is  to  apply  a 
solution  of  8  ounces  of  acid  phosphate  and  2  ounces  of 
potassium  sulphate  dissolved  in  50  gallons  of  water  for 
TOO  square  feet  of  soil  surface. 

Roses. — (i)  Soil, — For  forcing-house  purposes,  roses 
may  be  grown  on  a  great  variety  of  soils.  Some  varieties 
(Perle  des  Jardins,  La  France,  Duchess  of  Albany)  are 
said  to  do  better  on  lighter  loams,  while  a  rather  stiff 
loam  is  better  suited  to  others  (Brides,  Mermets,  Madam 
Hoste,  Gontier,  Souvenir  de  Wootton,  and  American 
Beauty).  The  soil  is  best  prepared  by  taking  a  moder- 
ately heavy  loam  sod,  cutting  in  the  fall  and  composting 
with  cow  or  horse  or  mixed  manure,  3  parts  of  sod  soil 
to  I  part  of  manure.  This  is  turned  and  mixed  two  or 
three  times  during  the  winter,  care  being  taken  to  make 
the  condition  as  fine  and  uniform  as  possible.  To  each 
cubic  yard  of  compost,  one  adds  one  pound  of  finely  pow- 
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dered  potassium  sulphate,  and  lO  to  15  pounds  of  fine 
steamed  bone,  free  from  common  salt,  at  the  time  of  the 
last  forking  over,  which  should  be  some  weeks  before  the 
compost  is  to  be  used..  The  bone  is  thoroughly  mixed 
into  the  compost.  Such  a  mixture  is  suited  to  plants 
that  have  been  grown  in  3  to  4-inch  pots.  The  soil  used 
for  potting  should  be  completely  rotted  sod  mixed  with 
one-sixth  to  one-eighth  thoroughly  rotted  cow,  horse,  or 
mixed  manure,  without  other  addition.  Soil  sterilization 
is  common. 

(2)  Fertilisers. — When  plants  are  well  started,  filling  the 
soil  with  roots,  then  one  may  begin  to  feed,  using  a 
manure  mulch  a  couple  of  times,  like  that  already  de- 
scribed (p.  643).  Later,  usually  in  December  or  January, 
mulching  is  discontinued  and  feeding  begun  either  with 
water-extract  of  manure  (p.  643)  or  with  one  of  Mixtures 
No.  II  A,  B,  C,  or  with  combinations  or  alternations  of 
the  liquid  manure  and  plant-food  mixtures.  Applications 
are  made  at  intervals  of  10  days  or  2  weeks  according  to 
the  behavior  of  the  crop.  When  the  plants  have  taken 
on  a  heavy  growth,  the  frequency  of  application  may  be 
lessened.  When  at  any  time  growth  is  slow,  due  to  cold 
or  cloudy  weather,  the  applications  should  be  withheld 
until  active  growth  calls  for  more  food.  If  at  any  time, 
too  much  of  a  concentrated  fertilizer  has  been  used,  the 
eflPects  can  be  counteracted  by  sowing  some  quick-grow- 
ing grass  or  other  plant;  or,  when  conditions  allow,  the 
soil  can  be  thoroughly  soaked  with  water,  thus  reducing  the 
concentration  of  the  soil  solution.  The  use  of  a  complete 
plant-food  mixture  should  enable  one  better  to  control 
plant  growth  than  when  one  depends  on  the  exclusive 
use  of  liquid  manure. 

Violets. — (i)  Soil. — These  grow  well  either  in  a  sandy 
or  gravelly  or  in  a  good  clay  loam  like  that  preferred  by 
most  roses.  Pains  must  be  taken  in  the  case  of  sandy 
soils  to  have  plenty  of  partly  decomposed  organic  matter, 


653  FERTILIZERS   AND   CROPS 

which  may  be  furnished  by  i  part  of  manure  to  3  parts 
of  soil.  In  general,  a  compost  may  be  made  just  as  in  the 
case  of  soil  for  roses,  except  that  other  fertilizing  mate- 
rials are  omitted.  Violets  must  not  have  soil  too  rich 
in  nitrogen.  It  is  important  that  the  compost  be  well 
treated  with  slaked  lime  as  it  is  made  up.  Sterilization 
of  soil  is  useful  in  killing  insects  and  disease  germs. 


YOUNG  CARNATION  PLANTS.      BUREAU  OF  PLANT  INDUSTRY, 
U.  S.  DEPT.  OF  AGR. 

When  the  soil  is  properly  made,  violets  are  not  ^ven 
additional  feeding;  but,  when  necessary,  liquid  manure 
prepared  as  described  is  applied  not  more  frequently  than 
once  in  three  weeks,  and  then  only  during  active  growth 
or  when  vigorous  development  of  leaf  is  desired.  Lack 
of  phosphorus  is  indicated  by  reddening  of  leaves  along 
the  veins  and  a  delayed  development  of  flowers;  when 
this  occurs,  phosphorus  is  supplied  by  use  of  fine  bone- 
flour  or  of  basic -slag  phosphate  at  the  rate  of  i  pound 
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to  30  square  feet;  or  acid  phosphate  can  be  applied  at  the 
rate  of  lo  ounces  for  loo  square  feet,  either  sprinkled  on  tJie 
soil  between  the  rows  or  dissolved  in  50  gallons  of  water; 
but  if  the  soil  does  not  contain  enough  calcium  carbonate, 
an  application  should  be  made  by  putting  i  peck  of 
freshly  slaked  lime  in  50  gallons  of  water  and  applying 
this  to  200  feet  of  soil  several  days  before  the  application 


of  superphosphate  in  order  to  decrease  the  availability 
of  the  phosphorus.  Generally,  it  is  found  that  two  or 
three  applications  of  superphosphate  at  intervals  of  two 
or  three  weeks  are  enough.  If  the  soil  is  found  too  rich 
in  nitrogen,  treat  it  as  previously  directed.  It  is  sug- 
gested that  experiments  be  made  with  Mixtures  No.  11  A, 
B  and  C,  using  about  one-half  or  one-third  of  the  amount 
used  for  roses  at  15  or  20-day  intervals  (pp.  648-649). 
Carnations. — (i)  Soil  adapted  to  carnations  should  pref- 
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erably  be  a  good  clay  or  sandy  loam,  one  that  drains 
rapidly  and  has  good  ventilation.  In  preparing  soil  for 
starting  carnation  plants  out  of  doors,  a  pasture  with 
good  sod,  well  drained,  is  treated  with  12  to  15  tons  of 
farm  manure  and  plowed  in  the  fall ;  it  is  usually  well  to 
apply  per  acre  1,000  pounds  of  quicklime  after  slaking 
(p.  388).  Early  in  spring  the  land  is  plowed  again  and 
harrowed  until  well  pulverized  and  mellow.  It  is  well  to 
add  600  to  800  pounds  per  acre  of  a  fertilizer  like  Mixture 
No.  8  (p.  603)  and,  in  case  of  light  soils,  a  liberal  coating 
of  well-decomposed  farm  manure  in  addition  to  the  ferti- 
lizer mixture.  When  a  sod  soil  of  good  character  is  not  ob- 
tainable, the  next  best  thing  is  to  sow  a  green-manure 
crop  (p.  348),  preferably  clover  or  some  other  suitable 
leguminous  crop,  to  be  turned  under  before  going  to  seed. 
The  organic  matter  thus  furnished  is  thoroughly  worked 
into  the  soil  by  plowing  and  harrowing.  •  The  organic 
matter  will  decompose  more  rapidly  if  treated  with  3  or 
4  tons  of  manure  just  before  plowing  under  (p.  360). 
In  case  of  light  soils,  600  to  800  pounds  of  Mixture  No.  8 
can  be  used  per  acre.  It  is  best  to  use  the  same  type  of  soil 
for  making  compost  with  manure,  using  4  parts  of  soil 
to  I  part  of  well-decomposed  manure  and  preparing  just 
as  in  case  of  roses  (p.  651)  in  case  the  compost  is  rhade  in 
spring.  If,  however,  it  is  made  in  the  fall,  one  uses  3 
parts  of  loam  to  i  part  of  manure  and  from  20  to  25 
pounds  of  bone-flour  to  each  cubic  yard.  When  the  com- 
post is  turned  for  the  first  time,  one  can  add  6  to  8  quarts 
of  slaked  lime. 

(2)  Fertilizers, — When  the  plants  have  been  removed  to 
the  house,  they  are  not  treated  with  any  plant-food  until 
the  roots  fill  the  soil.  Then  they  are  treated  with  a 
manure  mulch,  as  in  case  of  roses.  When  the  days  be- 
come shorter  and  colder,  one  can  begin  applying  liquid 
manure  as  with  roses.  In  using  plant-food  mixtures,  fol- 
low the  directions  given  under  roses.    It  should  be  stated 
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that  the  carnation  is  even  more  sensitive  than  the  rose  to 
overfeeding,  especially  during  cloudy  weather  or  semi- 
dormant  periods,  or  when  roots  are  not  well  developed. 
Excessive  accnmulation  of  plant-food  in  the  soil  is  re- 
moved, as  in  case  of  roses  (p.  651). 

Chrysanthemums. — (i)  Soil. — The  best  soils  for  chrys- 
anthemums are  such  as  drain  readily  and  are  well  venti- 


Experiments  with  chrysanthemums  showing  methods  of  cultiva- 
tion under  high  feeding.    Bureau  of  Plant  Industby,  U.  S.  Dept. 

OF  ACB. 

lated.  To  insure  this,  charcoal  and  sharp  sand  are  used 
when  needed.  In  potting,  light  soil  should  be  very  firmly 
packed,  while  loose  packing  answers  for  heavy  soils.  As 
in  the  case  of  roses  and  carnations,  the  feeding  of  chrys- 
anthemums involves,  first,  the  compost  and,  second,  the 
application  of  plant-foods.  The  compost  is  prepared  in 
the  same  manner  as  for  roses  or  carnations.  Carnation 
soil  should  contain  plenty  of  calcium  carbonate,  but  not 
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more  than  7  pounds  per  cubic  yard.  The  practice  of  add- 
ing nitrate  or  ammonia  nitrogen  as  a  part  of  composts 
does  not  appear  to  have  met  with  marked  success.  Such 
a  practice  could  hardly  commend  itself,  since  the  condi- 
tions in  the  compost  heap  would  favor  denitrification  and 
cause  serious  loss  of  nitrogen. 

(2)  Fertilisers, — It  Is  the  rule  not  to  give  plants  any 
special  feeding  until  the  buds  begin  to  appear.  The  gen- 
eral plan  of  fertilization  is  essentially  the  same  as  in  case 
of  roses.  It  is  believed  that  a  complete  fertilizer  produces 
better  results  than  heavy  feeding  with  nitrogen,  whether 
water-extract  of  manure  or  nitrogen  in  the  form  of 
nitrate  or  ammonia.  Overfeeding  with  nitrogen  pro- 
duces in  chrysanthemums  too  great  succulence  and  soft- 
ness in  stems,  leaves  and  petals.  Red  and  other  dark 
varieties  are  apt  to  show  effects  of  burning  as  the  result  of 
overfeeding  with  nitrogen,  and  with  them  liquid  manure 
should  cease  as  soon  as  buds  are  well  formed  and  of  good 
size.  In  no  case,  should  liquid  manure  be  us?ed  after  the 
flower  is  about  three-quarters  expanded.  Precautions 
in  feeding  chrysanthemums  are  much  the  same  as  in  case 
of  the  other  plants  previously  considered. 

Tomatoes. — (i)  Soil. — In  the  case  of  tomatoes  grown  in 
a  forcing-house,  the  character  of  the  soil  does  not  appear 
to  be  a  matter  of  as  much  importance,  provided  that  the 
drainage  be  good,  as  the  kind  and  amount  of  plant-food 
used  and  the  method  of  use.  It  is  believed,  however,  that 
best  results  are  produced  on  a  light,  sandy  loam.  A  com- 
post made  like  one  used  for  roses  (p.  650)  gives  satisfac- 
tion, especially  when  bone  tankage  is  added  to  it  at  the 
rate  of  100  pounds  for  5  cubic  yards  of  compost. 

(2)  Fertilizers. — A\'hen  good  manure  is  not  available, 
one  can  work  into  the  soil  for  100  square  feet  2  pounds  of 
Mixture  No.  8  (p.  603)  or  No.  11  A  or  C  (p.  648).  When 
fruit  begins  to  form,  one  can  apply  4  ounces  of  sodium 
nitrate  in  solution  one  week ;  2  pounds  of  Mixture  No.  8 


GREBNIIOUSE  AND  NURSERY  CROPS  657 

the  next  week  can  he  applied  by  sprinkling  on  tlie  soil 
between  the  plants  and  well  worked  in  before  watering 
(p.  650) ;  or,  in  place  of  Mixture  No.  8,  No.  10  C  can  be 
used,  which  can  lie  applied  in  solution  by  dissolving  in  .SO 
gallons  of  water.  Water-extract  of  manure  is  sometimes 
used  during  the  growing  period. 

Lettuce. — ( i )  Soil. — Lettuce  is  as  sensitive  to  soil  con-  ' 
ditions  as  is  the  chrysanthemum.  Experiment  has  shown 
that  a  mellow  light  or  medium  clay  loam  appears  to  give 
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best  results.  Composts,  like  those  already  described, 
may  be  used.  When  a  soil  is  used  without  composting, 
it  is  treated  with  fertilizer  as  in  case  of  tomatoes. 

(2)  Fertilisers  may  be  used  much  the  same  as  for  toma- 
toes.   See  also  p.  632. 

NURSERY  CROPS 
These  include  young  fruit  trees  and,  in  addition,  orna- 
mental trees,  bushes,  vines,  flowering  plants,  etc.,  used 
largely  for  out-of-door  decorations.     The  nursery  inter- 
ests of  the  United  States  are  very  extensive  and   are 
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located  here  and  there  in  places  where  soil  and  climate 
combine  to  furnish  the  most  favorable  conditions.  The 
best  nursery  soils  are  of  the  more  distinctly  clay-loam 
type,  commonly  spoken  of  as  "strong"  soils.  These  crops 
are  grown  almost,  if  not  entirely,  without  the  use  of  any 
plant-food  material  except  farm  manure  or  composts  of 
farm  manure  with  other  materials,  and  sometimes  wood- 
ashes  are  applied.  In  many  cases,  nitrogenous  organic  matter 
has  been  put  on  to  such  an  extent,  in  the  form  of  partly  de- 
composed farm  manure,  that  the  available  phosphorus 
and  potassium  furnished  by  the  soil  have  not  been  suffi- 
cient to  produce  the  kind  of  normal  growth  desired.  Un- 
der these  conditions,  the  growth  of  leaves  and  wood  is 
rapid  and  extreme  and  is  prolonged  late  in  the  season,  so 
that  the  texture  of  the  tree  is  soft  and  succulent  instead 
of  solid  or  firm.  Such  trees  easily  succumb  to  injury 
caused  by  extremely  cold  weather  and  are  believed  to  be 
more  easy  of  attack  by  plant  diseases.  It  is  highly  desir- 
able on  every  account  to  keep  a  liberal  amount  of  organic 
matter  in  the  soil  used  for  growing  nursery  stock,  but  it 
is  also  essential  that  the  nitrogen  be  not  applied  in 
amounts  that  exceed  the  proper  balance  between  it  and 
the  phosphorus  and  potassium.  Therefore,  when  large 
amounts  (over  20  tons  an  acre)  of  farm  manure  are  used, 
it  is  desirable  to  apply  some  form  of  phosphorus  and 
potassium.  Some  growers,  without  knowing  just  how 
the  results  were  brought  about,  have  used  wood-ashes  to 
produce  firmer  stock,  but  this  material  is  practically  un- 
obtainable now  at  reasonable  prices. 

It  is  probable  that  in  most  cases  where  manure  has  to 
be  purchased  and  drawn  3  or  4  miles  that  it  is  not  an 
economical  source  of  nitrogen  or  of  organic  matter.  It 
will  be  found  that  the  growing  of  leguminous  cover-crops 
to  as  great  an  extent  as  is  practicable  can  be  made  to 
take  the  place  of  manure  that  has  to  be  drawn  long  dis- 
tances.   The  land  can  be  treated,  if  necessary,  with  phos- 


GREENHOUSE  AND  NUR5ERV  CROPS  -659 

phorus  and  potassium  compounds  in  order  to  secure  a 
good  yield  of  the  cover-crops,  and  comparatively  little 
commercial  nitrogen  in  addition  will  be  called  for.  The 
use  of  cover-crops  will  also  correct  the  unwise  practice 
of  leaving  the  soil  practically  bare  during  the  winter. 

Nursery  crops  occupy  the  ground  a  few  years  and  are 
then  put  into  some  ordinary  farm  crop  and  sooner  or  later 


seeded  to  grass  and  used  in  this  way  3  or  4  years  before 
they  are  again  planted  with  nursery  stock.  Some  make 
the  mistake  of  depending  wholly  upon  the  period  inter- 
mediate between  nursery  crops  for  restocking  the  soil 
with  organic  matter  and  do  not  use  either  farm  manure 
or  cover-crops  to  maintain  the  supply  of  organic  matter 
during  the  growing  period  of  the  next  nursery  crop.  The 
result  is  that  the  soil  may  fail  to  furnish  enough  potas- 
sium or  phosphorus  or,  even  if  these  are  supplied  arti- 
ficially, the  lack  of  organic  matter  makes  the  conditions 


C60  FERTILIZERS  AND   CROPS 

• 

such  that  the  plants  do  not  utih'ze  them  to  advantage 
When  a  nursery  crop  grown  under  such  conditions  is  re^ 
moved,  it.  is  apt  to  leave  the  soil  in  poor  mechanical  con- 
dition. Clay  soil,  such  as  is  best  adapted  for  growing  nur- 
sery products,^suffers  seriously  in  its  ability  to  promote 
the  vigorous  growth  of  crops  if  its  supply  of  organic 
matter  is  allowed  to  diminish  too  much.  In  addition,  the 
method  of  removing  a  crop  of  trees  is  such  as  to  add 
greatly  to  impairment  of  the  mechanical  condition  of  the 
soil.  The  trees  are  dug  in  the  fall  or  early  spring  when 
the  soil  is  generally  wet  and  the  manipulation  of  the 
soil  under  such  conditions  by  digging  and  trampling  seri- 
ously injures  the  soil  structure,  causing  puddling  (p. 
96),  the  effects  of  which  require  time  and  labor  to  over- 
come. 

Pcrtilicers. — In  considering  the  need  of  fertilizers  for 
nursery  crops,  the  question  should  be  first  raised  as  to 
the  character  of  product  that  is  desired.  The  chief  requi- 
site in  a  young  tree  from  the  nurseryman's  standpoint, 
as  well  as  from  that  of  the  orchardist  who  purchases  it,  is 
that  it  shall  be  vigorous  and  hardy ;  that  is,  it  should  be 
able,  when  transplanted  to  its  final  orchard  home,  to  grow 
reasonably  fast  under  favorable  conditions  and  to  with- 
stand extreme  climatic  changes  to  which  it  is  subjected. 
This  result  is  reached  when  the  physical,  chemical  and 
biological  conditions  of  the  soil  all  contribute,  along  with 
favorable  climatic  conditions,  to  furnish  the  trees  abun- 
dance of  plant-food  at  the  right  time  and  in  sufficient 
amounts.  What  these  conditions  are,  was  discussed  in 
the  first  part  of  this  book,  and  chief  among  them  are 
good  drainage  (p.  156),  abundance  of  organic  matter  (pp. 
1 17-144),  a  good  supply  of  calcium  carbonate  (pp.  379- 
389),  good  soil  structure  (p.  loi),  moisture  and  abun- 
dance of  available  plant-food.  Another  feature  of  producing 
young  trees,  desirable  from  the  nurseryman's  point  of  view, 
IS  that  the  growth   shall  not  only   be  hardy  but   that  it 
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shall  be  rapid  and  continuous,  so  that  the  trees  shall  not 
occupy  the  soil  longer  than  necessary.  Hardiness  and  ex- 
treme rapidity  of  growth  are  not  consistent.  The  aim  is, 
therefore,  to  hasten  growth  as  rapidly  as  is  consistent 
with  hardiness  and  vigor.  This  is  done  by  observing  the 
conditions  requisite  for  growing  most  crops. 

In  meeting  these  needs  as  applied  to  nursery  crops, 


Growing  "Granite  State"  cucumbers  in  greenhouse  for  seed. 
Variety  is  hybrid  produced  by  crossing  English  frame  cucumber  and 
White  Spine.    New  Hampshire  Station. 

we  make  the  following  suggestions  with  reference  to  the 
clay  soils  that  are  best  adapted  to  the  growth  of  these  crops : 
(a)  Calcium  carbonate. — If  there  are  any  indications  of 
soil  acidity  (p.  140),  apply  once  in  4  or  5  years  half  a  ton 
of  quicklime  or  a  ton  or  more  of  ground  limestone,  pref- 
erably in  connection  with  the  growing  of  clover  or  other 
leguminous  crop.  Trees  use  large  amounts  of  calcium 
in  the  growth  of  leaves  and  wood.  The  good  effects  of 
wood-ashes  are  due  quite  as  much  to  the  action  of  the  cal- 
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cium  carbonate  in  the  ashes  and  to  the  power  of  wood- 
ashes  to  neutralize  acidity  and  modify  soil  structure  as 
to  the  nutrient  effects  of  the  potassium. 

(b)  Organic  matter  and  nitrogen  can  best  be  furHished 
by  growing  clover  or  some  other  leguminous  crops  as  a 
cover-crop  between  the  rows  of  nursery  stock  in  July  or 
August.  Clover  can  also  be  grown  as  one  of  the  rotation- 
crops  during  the  interim  between  the  removal  of  one  crop 
and  the  planting  of  another.  In  case  there  is  at  any  time 
indication  of  too  much  nitrogen  in  the  soil  as  shown  by 
excessive  growth  prolonged  late  into  the  season,  use 
some  non-leguminous  crop  such  as  rye  or  buckwheat  for  a 
cover-crop  and  apply  300  or  400  pounds  of  acid  phosphate 
or  basic-slag  phosphate  per  acre. 

(c)  Potassium. — On  clay  soils,  such  as  we  have  in 
mind,  it  will  not  usually  be  necessary  to  supply  potas- 
sium, provided  the  soil  is  limed  occasionally  and  kept  sup- 
plied  with  organic  matter. 

(d.)  Phosphorus. — It  is  probable  that  in  most  cases 
the  supply  of  phosphorus  can  be  amply  and  most  cheaply 
furnished  for  both  nursery  crops  and  those  that  follow 
by  incorporating  in  the  soil  once  in  5  years  about  500  to 
1,000  pounds  of  ground  phosphate  rock  (floats),  applying 
it  to  the  soil  along  with  a  green-crop  manure  or  with 
farm  manure. 

(e)  Amounts  of  plant-food  used  by  nursery  crops. — 
The  amounts  of  nitrogen,  potassium  and  phosphorus  re- 
quired to  grow  a  crop  of  trees  are  not  large,  compared 
with  the  requirements  of  many  field  crops.  Ordinary 
fruit  trees  during  their  growth  in  the  nursery  use  annu- 
ally per  acre  less  than  20  pounds  of  nitrogen,  6  of  phos- 
phoric acid  (2.6P)  and  10  of  potash  (8.3K). 

(f)  Effects  of  nursery  crops  on  soils  not  due  to  ex- 
haustion of  plant-food. — Nurserymen  do  not  commonly 
plant  one  crop  of  nursery  trees  after  another,  because 
they  think  that  the  crop  exhausts  the  soil  of  those  ele- 
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ments  especially  needed  for  that  particular  kind  of  crop. 
When  we  consider  the  small  amounts  of  plant-food  used 
by  a  nursery  crop,  it  is  evident  that  this  explanation  is 
inadequate.  The  real  explanation  lies  largely  in  the 
change  of  mechanical  structure  of  the  soil  due  to  frequent 
cultivation  for  a  prolonged  period  without  maintaining 
the  supply  of  organic  matter,  together  with  the  abuse  to 
which  the  soil  is  often  subjected  in  removing  the  trees 
when  the  soil  is  too  wet. 

(g)  Prolonged  seasonal  growth, — ^The  maximum,  but 
not  the  most  hardy,  growth  is  most  easily  obtained  by 
furnishing  nitrogen  in  the  form  of  farm  manure,  in  large 
amounts,  which  becomes  gradually  available  during  the 
season  and  which  prolongs  the  growth  of  foliage  and 
wood  beyond  the  time  of  season  when  it  should  cease, 
producing  a  soft  growth  lacking  in  hardiness.  This  is 
prevented  preferably  by  using  smaller  amounts  of  farm 
manure,  but  may  be  corrected  by  applying  phosphorus 
and  potassium  compounds. 

(h)  Light  soils. — When  nursery  stock  is  grown  on 
light  soils,  it  may  be  well  to  apply  200  to  300  pounds  of 
one  of  the  mixures  suggested  for  fruit-crops  (p.  676). 

(i)  Drainage  and  root  growth. — The  absolute  neces- 
sity of  good  drainage  for  nursery  crops  can  hardly  be 
emphasized  too  much.  It  is  essential  that  a  tree,  in  order 
to  be  vigorous,  possess  a  strong  root  system  and  no  con- 
dition is  so  disastrous  to  root  development  as  a  soil  loaded 
with  stagnant  water  (p.  158). 

ORNAMENTAL  PLANTS 

It  is  our  purpose  here  to  discuss  very  briefly  the  gen- 
eral relations  of  plant-food  supply  to  trees,  bushes,  vines 
and  other  plants  grown  for  ornamental  purposes.  We 
shall  consider  in  more  detail  some  special  divisions,  such 
as  roses,  house  plants,  etc. 

Outdoor,  hardy,  ornamental  plants,  whether  trees  or 
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bushes  or  vines,  are  seldom  treated  with  any  form  cl 
commercial  plant-food.  When  the  plants  are  set,  they 
should  be  provided  with  a  liberal  supply  of  farm  manure 
thoroughly  worked  into  and  mixed  with  the  soil  about  the 
roots;  this  is  especially  important  in  case  of  soils  that  are 
poor  or  not  in  good  mechanical  condition.  A  mulch  of 
well-decomposed  manure  on  the  soil  about  the  plant  is 
helpful.  In  spring,  farm  manure,  or  any  kind  of  organic 
matter  obtainable,  leaves,  straw,  etc.,  is  well  worked  into 
the  surface  soil.  A\'hen  trees  have  become  well  estab- 
lished, they  seldom  require  any  attention  even  when  the 
soil  is  only  fair  in  fertility.  Bushes  and  vines  will  repay 
annual  treatment  with  a  moderate  amount  of  manure  or 
any  organic  matter,  well  worked  into  the  surface  of 
the  soil.  Cultivation  or  mulching  will  also  be  found  gen- 
erally helpful.  Rone-meal  or  tankage  can  be  used  to  ad- 
vantage, applying  at  the  rate  of  a  quarter  of  a  pound  up, 
according  to  size  of  plant,  and  working  well  into  the  soil 
for  a  foot  or  so  around  the  plant.  Hard-wood  ashes,  made 
at  home,  can  be  used  also  in  this  way  occasionally. 

Roses.— There  is  probably  no  flowering  plant  that 
gives  as  much  pleasure  for  the  amount  of  care  required 
as  the  rose,  especially  the  hardy  varieties.  They  well 
repay  care,  especially  in  the  way  of  liberal  feeding.  Roses 
require  for  best  growth,  deep,  well-drained,  mellow 
loams  rich  in  organic  matter,  whatever  the  general  char- 
acter of  the  soil  otherwise,  clayey  or  sandy;  soils  that  are 
reasonably  retentive  of  moisture  are  desirable. 

In  preparing  a  soil  in  which  rose-bushes  are  to  be  set, 
it  should  be  made  deep  (15  to  20  inches)  and  mellow  and 
fine;  a  very  liberal  application  of  farm  manure,  prefer- 
ably well-decomposed,  if  the  soil  is  light,  is  spread  uni- 
formly and  worked  thoroughly  into  the  soil.  After  the 
roots  are  set  and  the  earth  partially  filled  in  around  them, 
put  in  a  generous  handful  of  bone-flour  around  the  plant 
and  then  fill  in  the  rest  of  the  earth.    When  bushes  are 
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set  in  spring  and  a  rapid  early  start  is  desired,  one  can 
put  in,  along  with  the  bone-meal,  about  a  small  teaspoon- 
ful  of  pulverized  sodium  nitrate,  and  then  after  the  foli- 
age is  well  started,  apply  on    the    surface    of    the    soil 
around  the  bush  a  mixture  consisting  of  one  ounce  of 
sodium    nitrate    and   4    ounces   of    bone-flour,    working 
lightly    into    the    soil.      On    light    soils,    an    ounce    of 
potassium  chloride  can  be  added  to 
the  mixture.     Or,  in  place  of  such 
applications,    a    complete    fertilizer 
can  be  used  like  Mixture  No.  4  (p. 
562) ;  or  any  high-grade  complete 
fertilizer  such  as  can  be  supplied  by 
any  fertilizer  dealer.    When  a  rose- 
bush has  been  established  the   first 
season,  it  can  be  treated  liberally  the 
following  spring  with  manure,  which 
should  be  well  worked  into  the  soil 
to  furnish  organic  matter,  and  then 

liberal  applications  of  nitrate  or  of  a  l-^ar'  Druschke  Roses, 
compkte  fertiliser  can  be  made  at  K'SrN.'V/'"'- 
intervals    during    the    season.     A 

good  plan  will  be  to  top-dress  with  about  i  ounce  of 
nitrate  per  bush  about  the  time  the  foliage  is  w«ll 
started  and  then  about  4  ounces  per  bush  of  Mixture 
No.  4  when  flower-buds  begin  to  show;  another  similar 
application  after  the  first  flowering  is  well  along 
will  promote  continuance  of  blossoms  through  the 
season.  A  final  application  early  in  August  will  aid  in 
carrying  the  plant  through  the  season  and  enable  it  to 
store  food  supplies  that  will  serve  to  give  it  a  vigorous 
start  the  following  season.  The  large  amount  o!  such  a 
plant-food  mixture  that  can  be  applied  without  doing 
harm  is  surprising  to  one  who  has  not  tested  it.  It  is 
possible  to  use  such  large  amounts  of  fresh  farm  manure 
as  to  promote  growth  of  leaves  and  branches  at  the  ex' 
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pense  of  flowers;  and  the  same  is  true  of  nitrate,  if  used 
alone  and  in  large  amounts.  But  if  the  complete  mixture  is 
used  after  the  first  spring  application  of  manure  and  of 
nitrate,  there  need  be  no  fear  of  overgrowth  of  foliage 
and  branches  at  the  expense  of  flowers.  It  must  be  kept 
in  mind  that  roses  require  an  abundance  of  water,  and  the 
presence  of  organic  matter  in  the  soil  promotes  water- 
holding  power. 

A  liberal  dressing  of  slaked  lime  or  of  ground  marble 
or  oyster  shells,  or  limestone  should  be  applied  once  in 
a  few  years. 

House  plants. — It  is  rare  that  house  plants  are  given 
any  kind  of  plant-food,  and  yet  no  form  of  vegetation 
responds  more  favorably  to  feeding.  This  applies  to  both 
flowering  and  pon-flowering  plants.  Plants  grown  in 
boxes  for  window  or  veranda  decoration  can  be  made  to 
flourish  much  more  vigorously  than  ordinarily  by  a  lit- 
tle judicious  feeding.  For  the  purpose  of  feeding  house 
plants,  one  can  use  either  of  the  following  mixtures: 

Plant-food  mixture  for  house  plants,  etc. — 

(1)  H  lbs.  of  sodium  nitrate 

1    lb.  of  dry  sodium  phosphate,  or  3  lbs.  of  acid  phosphate 
1       "     potassium  sulphate 

(2)  1    lb.  of  sodium  nitrate 

1  **     acid  phosphate 

2  lbs.  of  bone-flour 

1  lb.  of  potassium  sulphate 

These  will  be  found  as  effective  as  any  commercial  so- 
called  flower-food,  if  not  much  more  so,  and  the  ingre- 
dients can  be  purchased  and  mixed  at  much  less  expense 
than  commercial  mixtures,  which  are  usually  put  up  in 
half-pound  packages,  selling  at  the  rate  of  $600  a  ton  and 
containing  plant-food  costing  about  one-tenth  of  that  sum. 
House-plant  Mixture  No.  i  is  used  in  the  following  man- 
ner: A  rounded  tablespoonful  is  dissolved  in  4  quarts  of 
water;  warm  water  can  be  used  if  one  wishes  it  to  dis- 
solve quickly.  About  one-fourth  of  a  pint  of  this  solu- 
tion is  used  once  a  week  or  once  in  two  weeks  on  a  plant 
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in  a  6-inch  flower-pot  and  in  corresponding  proportions 
for  smaller  and  larger  areas.  The  solution  is  poured 
onto  the  soil  and  not  on  the  foliage  of  the  plant.  If  the 
mixture  of  liquid  has  stood  for  any  length  of  time,  it 
should  always  be  stirred  from  the  bottom  before  dipping 
out  to  put  on  the  soil.    The  surface  of  the  soil  is  kept 
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loosened  by  occasional  stirring  or,  as  one  would  say  of 
field  crops,  by  shallow  cultivation.  Mixture  No.  2,  if 
preferred  to  No.  i,  can  be  applied  in  the  powdered  form 
at  the  rate  of  half  a  teaspoonful  to  a  6-inch  pot  and  then 
carefully  mixed  into  the  surface  of  the  soil,  for  which  pur- 
pose an  ordinary  kitchen  fork  makes  a  good  cultivator. 

In  connection  with  the  use  of  plant-food  mixtures  on 
house  plants,  it  should  be  emphasized  that  this  treatment 
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will  not  insure  good  flowers  or  foliage  unless  the  plants 
are  properly  cared  for  in  respect  to  watering,  supply  of 
good  air,  abundance  of  sunlight,  not  too  high  temperature 
nor  too  dry  air. 

Care  of  cut  flowers. — In  connection  with  the  care  of 
house  plants,  it  will  not  be  out  of  place  to  say  a  word 
about  caring  for  cut  flowers  so  that  they  will  retain  their 
freshness  of  bloom  as  long  as  possible.  The  writer  has 
found  that  no  single  substance  is  more  effective  for  this 
purpose  than  the  compound  called  ammonium  nitrate 
(p.  251,  429).  For  this  purpose  one  simply  puts 
about  one  teaspoonful  of  the  powder  into  one  quart  of 
water  and  places  the  stems  of  the  flowers  in  this  dilute 
solution.  Cutting  oflF  the  ends  of  the  stems  and  renewing 
the  water  daily  will  prolong  the  keeping-power  of  flowers 
for  a  surprising  length  of  time.  If  one  wishes  to  make  up 
the  solution  in  large  amounts,  dissolve  one  tablespoonful 
of  the  powder  in  4  quarts  of  water.  In  the  same  way,  one 
can  also  satisfactorily  use  a  solution  Of  house-plant  Mix- 
ture No.  I  (p.  666),  dissolving  at  the  rate  of  one  table- 
spoonful  in  4  quarts  of  water. 

The  data  available  in  regard  to  the  amounts  of  plant- 
food  constituents  used  by  greenhouse  and  nursery  crops 
are  very  meager,  as  indicated  in  the  following  table : 

Table  63 — Approximate  Amounts  of  Plant-Food  Con- 
stituents Used  Annually  by  Nursery  Trees  Per  Acre 


Crop 


Apple  trees  . 
Peach  "  . 
Pear  "  . 
Plum     ••     . 

RoaebuthM 


Number 

Portion  of 

Nitro- 

per acre 

plant 

gen 

Lbs. 

8000 

Wood 

10.0 

5000 

*           ** 

7.5 

5000 

•• 

8.0 

5000 

i« 

6.5 

15000 

f« 

13.0 

Leavet 

17.0 

Flowers 

3.0 

Phosphoric 
acid  (PjOs) 


3.5  (l.SPi 
2.0  (0.9P] 

2.6  (l.lPj 
1.5  (0.7PJ 


Potash  (KK)) 


7.0  (  5.81 

4.0  <  3.3] 

4.5  (  3.7] 

4i>  (  3.31 

12.0  no. 

10.0  (16.3] 
4.0  (  3.3] 


CHAPTER  XXXIV 

FRUIT  CROPS 

We  use  the  word  fruit  in  its  popular  sense.  For  our  pur- 
pose fruits  can  be  conveniently  divided  into  three  general 
classes:  (i)  Orchard,  (2)  bush  and  vine,  and  (3)  strawber- 
ries ;  the  two  latter  classes  are  commonly  called  small  fruits. 

SOME  GENERAL  CHARACTERISTICS  OF 

ORCHARD  CROPS 

Before  we  take  up  the  special  methods  used  in  furnishing 
plant-foods  to  fruit  crops,  it  is  important  to  discuss  certain 
facts  of  a  general  character  which  have  a  direct  bearing  on 
the  subject,  such  as  the  following:  (i)  Some  differences 
between  orchard  and  field  crops,  (2)  rebtions  of  plant-food 
constituents  to  orchard  crops,  (3)  methods  of  applying  fer- 
tilizers, (4)  relations  of  soils  to  orchard  crops,  (5)  tillage  of 
orchards,  (6)  the  use  of  cover-crops. 

Some  differences  between  orchard  and  field  crops. — 

The  study  of  the  plant-food  supply  of  orchards  suggests 
fundamental  differences  between  trees  and  farm  crops  such 
as  we  have  been  considering  in  the  chapters  preceding.  The 
more  prominent  points  of  difference  can  be  briefly  stated  as 
follows : 

( 1 )  Preliminary  growth, — Most  farm  crops  begin  and  end 
their  entire  cycle  of  existence,  from  seed  to  seed,  in  the 
course  of  a  few  months.  Trees  go  through  a  period  of 
development  lasting  for  several  years,  during  which  they 
merely  increase  in  size  and  vigor  without  coming  to  fruitage. 

(2)  Seasonal  growth. — ^The  seasonal  growth  of  most  field 
crops  is  shorter  than  that  of  trees,  whose  activity  begins 
early  in  spring,  before  most  field  crops  have  been  seeded,  and 
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continues  until  late  in  fall  after  most  field  crops  have  been 
harvested.  There  is  another  point  of  difference  in  respect 
to  the  seasonal  growth  and  that  is  in  the  character  of  it.  In 
field  crops,  the  growth  of  leaves  and  stems  stops  when  seed 
or  fruit  formation  Ijegins,  but,  in  the  case  of  fruit  trees,  the 
growth  of  leaves  and  wood  continues  at  the  same  time  with 
the  growth  of  fruit.  The  growth  of  one  season  in  fruit 
trees  stores  up  nutrition  in  buds  and  branches,  which  forms 
in  part  the  source  of  supply  for  the  following  season. 


EXPERIMENTAL  PLATS  OF  SMALL   FRUITS.      NEW   YORK  STATE 
(geneva)   STATION. 

(3)  General  character  of  plant-food. — When  we  consider 
the  shorter  period  in  which  field  crops  get  their  food,  we 
can  appreciate  the  fact  that  their  food-supplies  must  be  in 
somewhat  more  concentrated  condition  and  must  also  be  in 
forms  either  immediately  available  or  capable  of  becoming 
available  rapidly  enough  to  meet  crop  demands  during  the 
relatively  short  period  of  growth.  In  the  case  of  trees,  com- 
l)arativcl>'  small  amounts  uf  planl-fuod  arc  removed  from 
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the  soil  in  any  one  season  either  during  the  preliminary 
period  of  growth  or  during  those  not  infrequent  seasons, 
when,  owing  to  insects,  frosts,  drouth,  etc.,  fruit  crops  fail. 
And  even  in  the  case  of  bearing  fruit-trees,  the  plant-food 
requirements  are,  as  a  rule,  not  often  m.ore  in  amount  than 
in  case  of  many  field  crops  giving  yields  that  are  really 
comparable.  Therefore,  owing  to  the  long-continued  feed- 
ing season  of  fruit-trees,  it  is  seen  that  the  plant-food  com- 
pounds required  to  supply  their  needs  can  be  present  in  the 
soil  solution  in  smaller  amoimts  and  can  be  in  forms  that 
become  available  more  gradually  than  in  the  case  of  field 
crops.  There  is  another  point  in  this  connection  that  should 
be  mentioned  here.  In  the  case  of  some  important  field 
crops,  like  wheat,  barley  and  other  quick-growing  crops,  the 
important  period  of  early  growth  comes  when  the  processes 
of  change  in  the  soil  are  least  active  and  when  quickly 
available  forms  of  plant-food  are  apt  to  be  less  than  at 
any  other  time  during  the  year ;  but,  in  the  case  of  fruit- 
trees,  there  is  ample  opportunity  to  benefit  by  the  result 
of  all  the  biochemical  and  other  changes  that  occur  dur- 
ing the  summer  months,  which  contribute  to  increase  the 
supply  of  available  plant-food. 

(4)  Distribution  of  feeding  roots, — In  the  case  of  trees, 
the  roots  have  a  more  extended  feeding  ground  than  do 
most  field  crops,  because  they  go  deeper  into  the  soil 
and  at  the  same  time  extend  laterally  in  all  directions.  In 
relation  to  the  amount  of  new  material  actually  produced 
(fruit,  leaves  and  new  wood),  the  root  system  is  in  general 
more  extensive  in  well-grown  trees  than  in  the  case  of  most 
field  plants. 

(5)  Transpiration  of  water, — It  is  believed  that  during 
the  growing  season  more  water  passes  up  into  trees  and.  out 
of  the  leaves  than  in  the  case  of  field  crops,  when  comparison 
is  made  on  a  uniform  basis.  For  this  reason,  the  soil  solu- 
tion carrying  plant-food  into  trees  can  be  more  dilute  than 
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in  case  of  field  crops  and  still  carry  sufficient  amounts  to 
furnish  nutrition  as  required. 

(6)  Plant-food  constituents, — Fruit  crops  in  general  con- 
tain a  larger  percentage  of  water  and,  therefore,  a  smaller 
percentage  of  plant-food  constituents  than  most  field  crops 
at  the  same  stage  of  maturity.  Speaking  of  the  fruit  alone, 
and  not  including  leaves  or  new  wood,  fruit  crops  use  less 
nitrogen  and  phosphorus  than  most  field  crops,  and  less 
potassium  than  many,  when  we  consider  the  amounts  used 
per  acre  by  average  crops. 

(7)  Rotations. — Field  crops  and  soils  get  the  benefit  of 
properly  planned  rotations.  Orchard  crops  occupy  the 
ground  continuously  and  represent  the  single-crop  system, 
except  as  some  superficial  variation  can  be  introduced  in  the 
way  of  cover-crops.  Orchard  crops  call  year  after  year 
for  the  same  kinds  of  plant-food  in  about  the  same  relative 
proportions. 

Relations  of  plant-food  constituents  to  orchard  crops. 

Orchard  crops  remove  nitrogen,  phosphorus,  potassium  and 
calcium  from  soils.  In  this  connection  we  will  consider  ( i ) 
the  forms  of  plant- food  materials  that  can  be  used,  (2) 
amounts  and  relative  proportions,  (3)  plant-food  mixtures, 
and  (4)  the  relation  of  plant-food  to  quality  of  fruit. 

( I )  Forms  of  plant-food  materials  to  use — It  has  already 
been  pointed  out  that  plant-food  constituents  can  be  used 
by  orchard  crops  when  they  are  in  forms  so  moderately 
available  that  they  would  not  meet  the  needs  of  quick- 
growing  crops.  Therefore,  organic  nitrogen  can  be  depended 
upon  largely  to  supply  this  element;  when  supplied  as  a 
commercial  fertilizer,  dried  blood,  cottonseed-meal,  fish- 
scrap,  ground  tobacco  stems,  meat-tankage,  etc.,  can  be  used. 
However,  by  the  use  of  appropriate  cover-crops  it  will  be 
easily  possible  to  incorporate  into  the  soil  about  all  of  the 
nitrogen  needed.  Farm  manure  should  be  utilized  as  far  as 
it  is  easily  obtainable  and  especially  if  one  does  not  make  a 
practice  of  growing  cover-crops.    Light  dressings  of  farm 
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manure  are  very  useful.  Excessive  amounts  of  nitrogen  in 
proportion  to  phosphorus  and  potassium  must  be  avoided, 
because  it  makes  the  fruit  ripen  more  slowly,  affects  its  color, 
making  it  greener,  and  produces  new  wood  of  soft  texture, 
lacking  in  hardiness. 

Phosphorus  can  be  furnished  partly  in  the  form  of  acid 
phosphate  and  partly  in  the  form  of  bone-meal  or  tankage ;  in 
many  cases  the  use  of  basic-slag  phosphate  has  given  excel- 
lent results,  and  the  application,  once  in  five  years,  of  500 
pounds  or  more  'of  ground  phosphate  rock,  along  with  the 
turning  under  of  a  leguminous  cover-crop,  is  well  worth 
trial.  It  must  be  remembered  that  it  is  useless  to  apply 
ground  phosphate  rock  to  soils  lacking  in  abundance  either 
of  organic  matter  (p.  117)  or  of  calcium  carbonate  (p.  369). 

Potassium  can  be  applied  as  high-grade  chloride  or  sul- 
phate, or  in  the  lower-grade  form  of  kainite  which  has  the 
advantage  of  containing  magnesium  compounds.  When 
wood-ashes  are  obtainable  at  less  than  ten  dollars  a  ton,  they 
can  be  profitably  used  on  soils  that  are  lacking  in  calcium 
carbonate  as  well  as  potassium. 

(2)  Amounts  and  relative  proportions. — An  investigation 
made  by  the  writer  with  trees  in  full  vigor  of  bearing 
shows  that  different  fruit-trees  use  per  acre  in  one  crop  of 
fruit,  foliage  and  new  wood  the  following  amounts  of 
plant- food : 

Nitrogen 30  to  7Spocindi 

Phosphoric  acid 7  to   18       ** 

Potash 33  to   72       •• 

Calcium  oxide  Qime) 38  to  114       ** 

The  amount  of  nitrogen  and  of  potash  is  about  the  same 
in  any  one  kind  of  tree,  while  the  amount  of  phosphoric  acid 
is  only  about  one-fourth  that  of  nitrogen  or  potash.  The 
amounts  used  by  different  kinds  of  trees  vary  greatly,  as 
shown  in  the  following  table : 
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Table  64 — ^A'MOunts  of 

Plant-Food  Used  Per  Acre 

Variety 

Number 
of  trees 
tilpracxe 

Nitrogen 

Phosphoric 
add  (P2O5) 

Potash 
(K2O) 

Lime 
(CaO) 

Magne- 
sia 
(MgO> 

Appla 

Peach 

Pear 

35 
120 
120 
120 
240 

Lbs. 
51.5 
74.5 
29.5 
29.5 
45.5 

Lbs. 

14.0 

18.0 
7.0 
8.5 

15.5 

Lbs. 
55.0 
72.0 
33.0 
38.0 
57.0 

Lbs. 
57.0 
114.0 
38.0 
41.0 
65.5 

Lbs. 
23 
35 
11 

Pltim 

Quince 

13 
19 

It  IS  evident  that  the  amounts  of  plant-food  constituents 
given  in  this  table  were  present  in  the  soil  in  available  form 
during  the  growing  season  and  within  reach  of  the  root 
systems  of  the  trees.  If  one  knew  that  there  were  no  avail- 
able plant-food  in  the  soil,  the  above  quantities  would  be  the 
smallest  amounts  that  one  should  apply  for  a  season's 
growth.  On  the  other  hand,  if  one  knew  how  much  avail- 
able plant-food  was  present  in  the  soil,  then  it  would  simply 
be  necessary  to  supplement  this  supply,  if  it  were  less  than 
the  season's  requirements.  At  present  we  can  ascertain 
what  we  want  to  know  about  the  amoimt  of  available  plant- 
food  the  soil  can  furnish  only  by  rather  crude  experimenting. 

If  we  consider  the  relative  proportions  of  plaut-food  con- 
stituents used  by  different  varieties  of  fruit  trees,  we  find 
that  they  are  approximately  the  same  for  the  different  kinds 
studied.  This  statement  is  supported  by  the  data  embodied 
in  the  table  following,  in  which  i  pound  of  nitrogen  is  used 
as  a  basis  of  comparison : 

Table  65 — ^Relative  Proportions  of  Plant-Food  Con* 

STiTUENTS  Used 


Vaitotr 

MHrogen 

Phosphoric 
add  (PsOa) 

Potash 
(KsO) 

Lime 
(CaO) 

"Sg^ 

AoDle  ■••••.•• 

Lbs. 

Lbs. 
0.27 
0.25 
0.24 
0.29 
0.33 

Lbs. 
1.07 
0.97 
1.10 
1.29 
1.25 

Lbs. 
MO 
1.53 
1.30 
1.40 
1.44 

Lbs. 

045 

Peach 

0  47 

Pear •.••••••.. 

0  37 

Plum •»..••••• 

0  52 

Quince.  ...•• •• 

0l42 

Average  of  an 

1 

0,27 

1.14 

1.35 

a45 
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The  results  embodied  in  this  table  mean  that,  under  like 
conditions  of  soil  fertility,  a  mixture  of  nitrogen,  phos- 
phorus and  potassium  compounds  that  would  meet  the 
requirements  of  one  variety  would  also  meet  the  needs  of 
other  varieties,  so  far  as  the  supply  of  these  plant-food  con- 
stituents is  concerned.  What  particular  proportions  are 
best  adapted  to  supplement  most  economically  the  supply  of 
any  particular  soil  can  be  determined  only  by  special  experi- 
ment, 

(3)  Plant-food  mixtures, — ^Taking  the  various  facts  at 
hand  into  consideration,  we  suggest  some  plant-food  mix- 
tures as  a  working  basis  in  fertilizing  orchards.  Nitrogen 
from  leguminous  cover-crops  should  be  depended  upon  as 
the  main  source  of  supply  for  this  plant-food  constituent. 
We  assume  that  in  many  soils  phosphorus  is  the  constituent 
most  largely  needing  to  be  supplemented,  though  used  by 
fruit  trees  in  relatively  small  amounts.  Potassium  is 
required  in  relatively  large  amounts  but  does  not  need  large 
applications  on  most  clay  soils  that  are  kept  well  supplied 
with  calcium  carbonate  and  organic  matter.  On  light,  sandy 
soils,  potassium  can  be  supplied  in  larger  amounts. 

Regarding  the  special  point  as  to  whether  fertilizers 
should  be  used  or  not  on  fruit  orchards,  it  may  be  offered  as 
a  general  rule  that  as  long  as  trees  continue  to  make  satis- 
factory growth  of  wood  and  produce  average  crops  of  good- 
colored  fruits,  no  commercial  fertilizers  need  to  be  supplied. 
When  other  conditions  prevail,  then  the  fruit-grower  should 
ascertain  by  specific  fertilizer  experiments  what  is  needed. 

FERTILIZER  MIXTURES^  FOR  FRUIT-TREES 

A  mixture  containing  2  per  cent,  of  nitrogen,  5  of  phos- 
phoric acid  (2.2  P)  and  10  of  potash  (8.3  K)  furnishes  in 
I  ton  40  pounds  of  nitrogen,  100  of  phosphoric  acid  (44  P) 
and  200  of  potash  (165  K).  These  amounts  are  furnished 
approximately  in  each  of  the  mixtures  given  below: 
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Plant-Food  Mixtures  for  Fruits 


No.  12  A 

400  lbs.  cottonseed -meal 
400  "     bone-meal 
100  "    acid  phosphate 
ISO  **    potassiiun  chloride 
950  "    kainite 

No.  12  C 

1000  lbs.  tankage   (4%   nitrogen  and 

17%  phos.  acid) 
200  *'    potassium  chloride 
800  "    kainite 


No.  12  E 

700  lbs.  ground  tobacco  stems 
500  "     bone-meal 
175   ••    potassium  chloride 
625  *'     kainite 


No.  12  B 


600  lbs.  cottonseed-meal 
700  "    basic-slag  phosphate 
300  *'    potassium  chloride 
400  "    kainite 


No.  12  D 

600  lbs.  tankage   (6i%   nitrogen  and 

9%  phos.  acid) 
300  *'    acid  phosphate 
150  "     potassixim  chloride 
950  "     ka^te 

No.  12  F 

200  lbs.  ground  tobacco  stems 

200  •• 

400  " 

200  " 

200  ** 

800 


<t 


bone-meal 
tankage  (64 — 9) 
acid  phosphate 
potassium  chloride 
kainite 


No.  12  G — Soluble  mixture 
for  use  on  orchards  in  sod,  , 

125  lbs.  sodiiun  nitrate 
100  **    ammonium  sulphate 
725  **    acid  phosphate 
180  "    potassium  chloride 
870  "    kainite 

Dried  blood  is  not  included  because  at  present  prices 
($60  a  ton),  its  cost  is  prohibitive  for  ordinary  use  in  fer- 
tilizers, since  organic  nitrogen  can  be  obtained  much  more 
cheaply  in  bone-meal,  tankage,  etc.  If  for  any  purpose  one 
desires  to  increase  the  percentage  of  soluble  nitrogen,  sodium 
nitrate  or  ammonium  sulphate  can  be  added  to  any  of  the 
mixtures  in  amounts  desired. 

Relation  of  plant-food  to  quality  of  fruit. — Under  the 
expression,  "quality  of  fruit,"  are  included  such  properties 
as  color,  flavor,  including  sweetness  and  acidity,  keeping 
power,  etc.  While  plant-food  constituents  unquestionably 
have  more  or  less  influence  in  determining  quality  in  fruit, 
we  are  far  from  knowing  at  all  fully  just  what  the  relations 
are  and  still  less  how  to  control  them.    We  know  that,  when 
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properly  fed,  fruit-trees  produce  larger  yields  of  fruit  and 
of  higher  quality  than  when  underfed.  It  has  been  satis- 
factorily demonstrated  that  excessive  feeding  with  nitrogen 
produces  fruit  of  greener  color.  We  know  the  general  rela- 
tions of  nitrogen,  phosphorus,  potassium,  calcium,  etc.,  to 
many  of  the  physiological  processes  of  plants,  but  state- 
ments are  often  current  of  relations  which  we  do  not  know 
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and  which  at  most  represent  ingenious  guesswork.  For 
illustration,  the  statement  has  been  made  to,  and  accepted 
by,  many  fruit-growers  that  basic -slag  phosphate  is  of  special 
value  in  fruit-growing  because  it  contains  iron,  which  exer- 
cises an  important  Influence  on  the  coloring  of  fruit.  What- 
ever some  may  believe  or  hope,  such  statements  are  without 
reliable  experimental  foundation  as  yet.  On  a  par  with  this 
is  the  custom  among  some  of  driving  iron  nails  into  fruit- 
trees  or   burying   iron  scraps    in   contact    with  the   roots. 
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Another  belief  that  has  gained  extensive  currency  is  tnat 
potassium  carbonate  favors  the  production  of  sugar  in  fruit 
to  a  greater  extent  than  sulphate  or  chloride  and  that  sul- 
phate does  so  to  a  greater  extent  than  chloride.  The  writer 
carried  on  extensive  experiments  for  some  years  with  sev- 
eral varieties  of  fruits  to  test  this  question,  determining  tlie 
percentage  of  sugar  and  acid  at  maturity.  The  results  were 
negative;  on  the  whole,  no  difference  of  influence  could  be 
found  between  the  different  compounds  of  potassium.  If 
anyone  has  yet  discovered  the  secret  of  influencing  or  con- 
trolling important  qualities  of  fruits  through  regulation  of 
plant-food  supplies,  he  has  been  successful  in  keeping  the 
knowledge  to  himself.  Among  horticulturists  best  qualified 
to  discuss  the  matter,  the  view  seems  to  be  generally  held 
that  other  conditions,  such  as  simshine  and  moisture  and 
temperature,  have  much  more  to  do  with  determining  the 
qualities  of  fruit  tlian  the  matter  of  regulation  of  supply 
of  plant-foods. 

Methods  of  applying  fertilizers  for  fruit-trees. — ^The 
method  of  distributing  fertiUzers  in  the  soil  has  an  impor- 
tant bearing  on  the  location  of  the  feeding-roots.  It  is  a 
well-known  fact  tliat  plant-roots  tend  to  extend  themselves 
most  readily  in  the  direction  of  the  most  plentiful  supply  of 
available  plant-food.  Top-dressing  of  orchard  soils  with 
fertilizers  tends  to  attract  the  feeding-roots  to  the  surface ; 
in  that  location,  trees  cannot  resist  drouth  as  well  as  when 
their  roots  are  well  down  in  the  soil.  Therefore,  in  order  to 
keep  the  feeding-roots  of  trees  located  in  the  lower  layers 
of  the  soil,  fertilizers  should  be  worked  into  the  soil  as 
deeply  as  practicable,  and  especially  when  applied  during  the 
early  growth  of  trees.  Where  cultivation  is  practiced,  ferti- 
lizers can  be  distributed  on  the  surface  and  then  plowed  in. 
In  the  case  of  orchards  in  sod,  it  is  better  to  apply  soluble 
forms  of  plant-food  which  are  carried  down  into  the  soil 
promptly.  For  such  conditions  Mixture  No,  12  G  (p. 
676)  can  be  used. 
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Relations  of  soils  to  orchard  crops. — An  ideal  soil  for 
fruit-trees  possesses  qualities  that  are  coinnion  to  all  soils 
adapted  to  raising  good  crops,  such  as  abundance  of  plant- 
food,  good  physical  condition,  abundance  of  organic  matter 
and  calcium  carbonate  and  good  drainage.  Sj^ecial  adapta- 
tions for  different  kinds  of  orchard  trees  will  be  referred 
to  later  in  connection  with  each.  On  soils  well  suited  for 
orchard  crops  and  properly  managed,  the  application  of  fer- 
tilizers is  often  not  profitable  until  many  years  have  passed. 
On  soils  which  are  more  or  less  deficient  in  qualities  char- 
acteristic of  fertile  soils,  the  use  of  fertilizers  will  generally 
be  necessary  from  the  start  to  insure  good  yield  and  quality. 

Tillage  of  orchards. — Two  systems,  of  soil  management 
have  been  commonly  practiced  with  fruit  orchards,  tillage 
and  continuous  sod,  also  called  sod-mulch.  On  hilly  and 
rough  lands,  tillage  is  not  usually  practicable,  but  the 
orchards  are  kept  in  grass,  which  is  mowed  and  left  to 
decompose  on  the  ground.  Sod  treatment  formerly  pre- 
vailed, but  cultivation  has  become  very  general  with  all  fruits 
excepting  apples.  The  question  in  relation  to  apples  has 
undergone  vigorous  discussion  and  is  not  yet  regarded  as 
settled  beyond  controversy.  Experiments  carried  on  for 
some  years  by  the  New  York  agricultural  experiment  station 
in  comparing  these  two  methods  of  orchard  management 
in  case  of  apple  orchards  have  furnished  the  following 
results : 

(i)  Yield. — ^Tillage  has  annually  given  34  bushels  more 
of  fruit  per  acre  than  sod.  Not  only  is  the  number  of  fruits 
larger,  but  the  average  weight  of  each  is  greater  by  2  ounces 
in  case  of  tillage  as  compared  with  sod. 

(2)  Maturity. — In  case  of  sod,  the  fruit  matures  2  or  3 
weeks  earlier  and  has  a  higher  color  than  in  case  of  tillage. 
This  is  du€  to  the  effect  of  maintaining  a  longer-continued 
season  of  growth  as  a  result  of  keeping  up  the  supply  of 
moisture  and  of  plant-food,  particularly  the  nitrogen. 

(3)  Keeping  quality. — Fruit  grown  on  tilled  land  keeps 
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longer  in  common  storage  than  that  grown  on  sod  mulch ;  in 
cold  storage,  there  is  no  difference. 

(4)  Eating  quality. — Fruit  from  tilled  land  is  more  crisp, 
juicy  and  better-flavored  than  that  from  sod-mulch. 

(5)  Uniformity  of  trees  and  yields, — The  growth  of  trees 
and  yield  of  crops,  both  in  size  and  quantity,  are  more  uni- 
form on  tilled  land. 

(6)  Vigor  of  trees. — The  trees  grown  on  tilled  land  show 
more  vigor,  as  indicated  (a)  by  larger  gain  in  diameter  of 
trunk,  (b)  greater  average  annual  growth  in  length  of 
branches,  and  (c)  superior  leaf  development,  indicated  by 
size  of  leaves,  amount  and  weight  of  foliage,  total  leaf  area 
and  length  of  time  leaves  remain  on  trees,  (d)  color  of 
leaves,  which  are  of  a  richer,  deeper  green  on  tilled  than  on 
sod  land. 

(7)  Soil  moisture. — Cultivated  soils  hold  water  better 
than  those  in  sod,  owing  to  the  transpiration  of  soil  moisture 
by  the  growing  grass  of  sod.  Thorough  tillage  begins  as 
early  in  the  spring  as  is  practicable  and  continues  at  intervals 
until  July  or  August. 

Use  of  cover-crops. — ^An  essential  part  of  the  sys- 
tem of  tillage  is  the  use  of  cover-crops,  which  are  started  in 
July  or  August  and  plowed  under  the  following  spring. 
Cover-crops  perform  several  useful  functions  (pp.  348- 
362),  but  the  chief  ones  are  to  supply  organic  matter  and 
also,  in  case  of  leguminous  crops,  organic  nitrogen  as  a 
source  of  plant-food  supply.  Cover-crops  are  especially 
needed  where  farm  manuriC  is  not  obtainable  in  sufficient 
amounts. 

There  is  a  tendency  among  some  fruit-growers  to  over- 
look the  value  of  farm  manure  in  their  enthusiasm  over 
leguminous  cover-crops,  while  there  are  some  who  neglect 
both.  The  manure  made  on  the  farm  should  be  utilized  as 
fully  as  possible,  only  with  the  precaution  that  it  should  be 
used  as  a  tairly  light  dressing  instead  of  in  large  amounts, 
especially  when  applied  fresh.    The  use  of  manure  for  the 
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cover-crops  will  always  be  found  advantageous;  Jn  fact,  it 
may  be  an  absolute  necessity  in  those  cases  where  it  is  diffi- 
cult to  get  cover-crops  started.  For  the  general  discussion 
of  green-crop  manures  see  pp.  348-362 ;  for  treatment  of 
leguminous  crops  as  cover-crops,  etc.,  see  pp.  536-556;  for 
other  cover-crops,  see  rye  (p.  587),  oats  (p.  589),  buck- 
wheat (p.  594). 

In  connection  with  the  subject  of  cover-crops,  we  will 
refer  briefly  to  the  practice  of  growing  some  general  farm 
crop  between  the  rows  of  fruit-trees  during  the  first  years 
of  the  life  of  an  orchard  before  it  comes  into  bearing.    Such 
cropping,  often  known  as  inter-crop piiig,  permits  a  certain 
amount  of  crop-rotation   on  the 
soil  and  usually  calls  for  the  use 
of    commercial     fertilizers     the 
same    as    when    the    crops    are 
grown  by  themselves.     The  fol- 
lowing are  given  as  illustrations 
of  rotations  practicable  for  inter- 
crops : 

(a)  Potatoes,  roots,  or  mar-  sirawberrks  grown  under 
ket-garden  crops,  l  j-ear ;  com,  l  glass  on  garden  soil  well  fer- 
year ;  crimson  clover  or  vetch  in  '■ii?«<'  wi'!"  commercial  ma- 
j  „  .  tenals.  New  York  State 
fall  or  sprmg.  (Glneva)  Station. 

(b)  Corn,    I   year;   cotton,    i 
year ;  cowpea  or  velvet  bean,  i  year. 

(c)  Potatoes,  i  year;  wheat,  i  year;  red-clover,  I  year. 
When  inter-crops  are  used,  they  should  be  kept  far  enough 

from  the  trees  not  to  permit  any  interference,  one  with  the 
other. 

In  addition  to  the  facts  presented  in  the  preceding  pages, 
we  need  now  to  consider  only  some  special  applications  in 
the  case  of  individual  kinds  of  orchard  fruits  in  so  far  as 
these  exhibit  special  characteristics. 

Apples  can  be  grown  on  a  great  variety  of  soils  but  pve 
best  results  on  porous,  limestone  soils  and  clay  loams. 
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Fertilisers, — Recent  experiments  have  shown  that  on  fer- 
tile soils,  especially  of  heavier  types,  the  use  of  fertilizers, 
continued  for  years  even  in  large  amounts,  does  not  show 
any  appreciable  effects,  whether  in  case  of  old  orchards  or 
young  ones,  provid-ed  cover-crops,  including  leguminous,  are 
used  and  up-to-date  methods  of  tillage  practiced.  Even 
applications  of  nitrogen  large  enough  to  be  regarded  as 
excessive  have  not  appeared  to  have  any  marked  influence, 
favorable  or  otherwise.  However,  when  the  so-called  sod- 
mulch  method  is  used,  the  application  of  fertilizers  to 
orchards  grown  on  similar  fertile  soils  gives  increased  yield 
of  fruit.  Under  such  conditions,  it  is  better  to  use  a  ferti- 
lizer that  is  easily  soluble,  such  as  tliat  already  suggested 
(No.  12  G,  p.  676),  applying  per  acre  to  bearing  trees  not 
less  than  300  pounds  a  year  and  using  with  it  a  mixture  of  50 
pounds  of  sodium  nitrate  and  50  pounds  of  ammonium 
sulphate,  or  top-dressing  with  a  light  application  of  farm 
manure.  Such  an  application  will  furnish  less  than  one-half 
the  amount  of  nitrogen  used,  and  about  one-half  the  potas- 
sium, while  just  about  adding  the  needed  phosphorus. 

On  light  soils  known  to  be  deficient  in  available  plant- 
food,  use  of  fertilizers  should  accompany  the  starting  of  the 
orchard  and  continue  regularly.  An  application  of  not  less 
than  300  to  600  pounds  a  year  of  any  of  the  orchard  mix- 
tures (p.  676)  is  suggested,  together  with  the  regular  utili- 
zation of  leguminous  cover-crops.  On  such  soils,  applica- 
tions of  1,000  pounds  or  more  of  a  fertilizer  have  given 
profitable  returns  in  case  of  mature  trees  in  full  bearing. 

On  what  might  be  called  good  average  soils,  use  of  fer- 
tilizers may  begin  when  the  orchard  comes  into  bearing, 
applying  not  less  than  300  pounds  an  acre. 

In  the  case  of  orchards  in  which  foliage  shows  lack  of 
color  in  spring,  deficiency  of  available  nitrogen  is  suggested 
and  calls  for  a  top-dressing  of  100  pounds  of  sodium  nitrate. 

The  question  of  amounts  of  plant-food  materials  to  apply 
must  be,  as  we  have  repeatedly  stated,  a  matter  of  individual 
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experimenting  carried  on  for  a  series  of  years.  As  trees 
increase  in  bearing,  the  amounts  of  plant-food  supplied 
should  be  greater. 

Pears  respond  to  fertile  soils  somewhat  more  notice- 
ably than  apples.  They  are  adapted  to  heavier  soils  than  are 
apples  or  peaches,  doing  best  on  stiff  clay  loams  or  even  hard 
clays  that  are  well  drained.  They  are,  however,  success- 
fully grown  on  a  great  variety  of  soils,  including  lighter 
loams  or  sandy  soils,  but  the  tendency  on  such  soils  is  to 
make  too  rapid  growth,  producing  wood  that  winter-kills. 

Fertilisers. — The  statements  applying  to  apples  apply  also 
to  pears  in  regard  to  the  use  of  fertilizers,  except  that  pears 
do  not  use  such  large  amounts  of  plant-food  per  acre  (p.674) 
and  somewhat  smaller  applications  should  be  sufficient. 

Peaches  are  grown  on  a  great  variety  of  soils  from 
heavy  to  light,  but  are  best  adapted  to  well-drained,  rich, 
sandy  loam.  Heavy,  compact  clay  soils  are  least  desirable. 
Peadies  do  well  even  on  fairly  poor  soils.  On  soils  rich  in 
nitrogen,  there  is  danger  that  growth  may  be  prolonged  too 
far  into  fall,  producing  buds  and  wood  that  easily  winter-kill. 

Fertilisers. — Peaches  differ  from  apples  and  pears  in 
respect  to  several  features  which  have  a  bearing  upon  the 
matter  of  plant- food  supply:  (i)  Peach  crops  are  larger 
consumers  of  plant-food,  compared  on  the  acre  basis. 
Peaches  use  about  one-third  more  nitrogen,  phosphorus  and 
potassium  than  do  apples  and  twice  as  much  calcium  and 
considerably  more  magnesium,  while  they  use  two  to  three 
times  as  much  of  each  of  these  constituents  as  pears  do 
(p.  674).  (2)  The  growing-stage,  preliminary  to  fruit 
bearing,  as  well  as  the  life  cycle,  is  shorter  with  peach-trees. 
(3)  Peach-trees  are  more  sensitive  to  large  nitrogen  supply 
in  respect  to  prolonging  growth  of  foliage  and  branches  late 
in  the  season.  If  nitrate  is  applied  late,  or  if  too  large 
amounts  of  organic  nitrogen  are  used  early,  conditions  are 
favorable  for  prolonging  the  normal  growing  season  of 
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leaves  and  new  wood  so  late  that  the  buds  and  wood  are  more 
easily  winter-killed. 

For  the  foregoing  reasons,  the  application  of  fertilizers  to 
peach  orchards  should  observe  the  following  general  rules : 
(i)  Plant- food  constituents  should  be  applied  in  larger 
amounts  than  in  case  of  apple  or  pear-trees  under  the  same 
soil  conditions.  (2)  The  use  of  nitrogen  should  be  so 
regulated  as  to  furnish  a  moderate  amount  of  quickly  avail- 
able nitrogen  in  spring  and  enough  organic  nitrogen  to  carry 
the  trees  through  the  season  without  prolonging  tmduly 
their  growth.  The  use  of  leguminous  cover-crops  must  be 
carefully  controlled  so  as  not  to  overstock  the  soil  with 
nitrogen.  This  can  be  regulated  in  accordance  with  the 
behavior  of  the  trees. 

On  soils  of  good  average  fertility,  use  300  to  600  pounds 
an  acre  of  any  one  of  the  orchard  mixtures  (p.  676)  after 
trees  begin  fruiting.  On  poor  soils,  these  amounts  may  be 
used  when  th^  trees  are  planted  and  continued  as  an  annual 
application.  When  trees  begin  bearing,  one  may  use,  in 
addition,  200  to  300  pounds  an  acre  of  Mixture  No.  12  G. 

Owing  to  the  fact  that  peaches  are  so  often  grown  on  poor 
sandy  soils  and,  therefore,  require  generous  feeding,  the 
impression  has  become  common  that  the  crop  must  always 
be  heavily  fertilized.  On  good  apple  soils,  peaches  require 
only  light  feeding  in  addition  to  the  use  of  cover-crops  and 
judicious  use  of  farm  manure. 

Apricots  call  for  the  same  treatment,  in  general,  as 
peaches. 

Quinces  closely  resemble  apples  in  their  plant-food  re- 
quirements. 

Plums  resemble  pears  more  nearly  than  the  other 
fruits  in  respect  to  the  amounts  of  plant- food  used. 

Cherries  do  not  need  heavy  applications  of  fertilizers. 
An  annual  application  of  300  pounds  or  more  for  bearing 
trees  on  average  soils  will  meet  usual  requirements.  The 
crop  matures  earlier  than  the  other  orchard  fruits,  and  to 
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supply  quickly  available  plant-food  one  may  use  equal  parts 
of  Mixture  No.  12  G  along  with  any  of  the  other  orchard 
mixtures.    Excessive  supply  of  nitrogen  should  be  avoided. 

Citrus  fruits  include,  as  the  most  important  representa- 
tives, the  orange,  lemon,  grapefruit  or  pomelo  and  limes. 
The  same  conditions  apply  essentially  to  the  raising  of  each 
of  these  fruits. 

In  respect  to  general  methods  of  management,  such  as 
cultivation,  use  of  cover-crops,  etc.,  the  general  principles 
developed  in  connection  with  other  orchard  fruits  hold  good, 
though  special  adaptations  occur  to  meet  special  local  con- 
ditions. Details  of  methods  practiced  in  California  differ 
from  those  of  Florida. 

Fertilisers. — The  quality  of  citrus  fruits  is  more  pro- 
foundly affected  by  the  character  of  the  plant-food  furnished 
the  trees  than  in  case  of  our  northern  fruits.  It  is  stated  that 
excess  of  nitrogen  and  especially  of  organic  nitrogen  tends 
to  poor  quality,  such  as  coarse  texture,  thick  rough  skin,  and 
lack  of  fine  flavor,  while  the  use  of  potassium  results  in  the 
production  of  thinner  skin,  larger  proportion  of  pulp  and 
sweeter  juice. 

Inorganic  materials  are  more  largely  used,  especially  for 
bearing  trees,  such  as  sodium  nitrate,  ammonium  sulphate 
for  nitrogen  and  acid  phosphate  for  phosphorus ;  potassium 
sulphate  or  the  double  manure  salt  (potassium  and  mag- 
nesium sulphate)  is  used  in  preference  to  potassium  chloride 
or  to  kainite.  Organic  matter  is  supplied  by  means  of 
cover-crops  instead  of  farm  manure  and  care  is  taken  not 
to  allow  an  excess  of  nitrogen  to  accumulate  as  the  result 
of  using  leguminous  cover-crops  too  extensively. 

During  the  stage  of  tree  growth  preliminary  to  fruit  bear- 
ing, such  a  mixture  as  the  following  can  be  used  on  light 
soils :  500  pounds  of  sodium  nitrate,  200  pounds  of  cotton- 
seed-meal, 500  pounds  of  acid  phosphate  and  125  pounds  of 
potassium  sulphate.  On  heavy  s<:)ils  the  cottonseed-meal  is 
omitted.    The  amounts  usually  applied  per  tree  are  as  fol- 
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lows:  1st  year,  3  pounds;  2d  year,  4j/$  pounds;  3d  year,  6 
pounds;  4th  year,  9  pounds;  5th  year,  12  pounds;  6th  year, 
15  pounds.  It  is  well  to  divide  the  applications,  putting  on 
one-half  in  winter  and  the  rest  in  summer. 

When  trees  come  into  bearing,  a  fertilizer  of  the  following 
composition,  for  illustration,  can  be  used: 
400  pounds  of  sodium  nitrate, 

1,150  pounds  of  acid  phosphate, 
450  pounds  of  potassium  sulphate. 

The  amounts  applied  are  on  the  basis  of  the  yield  of 
fruit.  Thus,  for  a  tree  bearing  3  boxes  of  fruit,  10  pounds 
of  the  mixture  may  be  applied ;  fo^  one  bearing  6  boxes,  20 
pounds,  etc.,  up  to  a  yield  of  10  boxes  per  tree. 

The  applications  are  preferably  made  in  three  portions  at 
different  times  of  year  as,  for  example,  February,  June  and 
September. 

The  method  of  application  is  to  broadcast  beneath  each 
tree,  putting  the  bulk  nearer  the  center.  After  distribution, 
the  fertilizer  is  worked  into  the  soil  thoroughly. 

SMALL  FRUITS 

Under  this  head  come  grapes,  blackberries,  raspberries, 
currants,  gooseberries  and  strawberries  as  the  most  impor- 
tant representatives;  as  a  matter  of  convenience  a  brief 
discussion  of  pineapples  is  added.  These  crops  possess  cer- 
tain characteristics  which  resemble  those  of  orchard  fruits, 
but  in  their  general  management  they  are  closer  to  garden 
crops.  Like  orchard* trees,  the  plants  of  small  fruits  pass 
through  a  stage  of  preliminary  growth  before  they  reach 
the  bearing  stage,  but  the  length  of  this  period  is  much 
shorter  than  in  case  of  fruit-trees.  Unlike  fruit-trees,  the 
duration  of  their  bearing  life  is  generally  shorter.  Grape- 
vines are  comparatively  long-lived,  and  gooseberries  and 
currants  with  proper  treatment  can  be  kept  in  bearing  many 
years,  while  blackberries  and  raspberries  may  continue  8  to 
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12  years  and  a  strawberry  plant  does  not  bear  well  for  more 
than  2  years.  They  resemble  garden  crops  in  that  they 
are  usually  subjected  to  intensive  culture  and  generous  feed- 
ing. The  period  of  development  from  the  beginning  of  the 
season  to  the  fniiting  is  short  in  most  cases  and  therefore 
calls  for  treatment  that  takes  advantage  of  this  short  grow- 
ing season  to  get  the  largest  fruitage. 

The  statements  made  in  connection  with  orchard  fruits 
with  reference  to  the  relations  of  soils  to  crops,  tillage,  use 
of  cover-crops,  and  inter-crops,  apply  in  modified  form  to 
most  of  the  small  fruits. 

Grapes. — Grapes  are  widely  distributed  and  the  crop 
is  one  of  the  best-bearing  of  our  fruits.  The  period  of  pre- 
paratory growth  before  bearing  is  about  3  years  from  time  of 
planting  of  vineyard. 

( 1 )  Soils. — Grapes  grow  well  on  most  soils  that  are  well 
drained  and  given  good  cultivation.  Soils  of  quite  different 
character  appear  equally  good;  gravelly  loams  containing 
considerable  clay,  open  clays,  some  sandy  loams,  limestone 
soils  and  some  others  produce  most  excellent  crops. 

(2)  Fertilizers. — Grapes  use  somewhat  larger  amounts 
of  plant-food  than  any  of  the  other  small  fruits,  but  not  as 
large  as  orchard  crops.  The  constituent  used  in  relatively 
large  amounts  is  potassium.  Nitrogen  can  be  largely  sup- 
plied in  the  form  of  leguminous  cover-crops.  On  light  soils, 
one  can  use  per  acre  800  to  1,200  pounds  of  one  of  the  fruit- 
tree  mixtures  (p.  676)  along  with  an  additional  100  pounds 
of  potassium  chloride  or  sulphate  when  the  vines  are  in 
bearing.  On  soils  of  good  fertility,  which  have  been  well 
managed,  one-half  the  above  amounts  can  be  tried.  Exces- 
sive use  of  farm  manure  should  be  avoided,  and  generous 
applications  of  lime  should  be  made  once  in  four  or  five 
years.  In  Germany  and  France  it  is  generally  believed  that 
the  wine-making  qualities  of  grapes  are  much  modified  by 
the  methods  of  feeding. 

Blackberries  thrive  on  deep  clay  loams  well  supplied 
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with  organic  matter,  but  grow  well  on  a  great  variety  of 
^ils;  however,  soils  that  lose  moisture  too  easily  just  at 
the  time  when  the  fruit  is  maturing  are  undesirable. 

Fertilisers, — In  considering  the  application  of  plant- foods, 
it  must  be  kept  in  mind  that  blackberries  grow  on  canes 
which  grew  from  the  roots  during  the  season  preceding. 
The  main  object  of  directing  the  growth  is  to  secure  a  vigor- 
ous development  of  canes.  For  this  purpose,  the  less  active 
forms  of  nitrogen  can  be  used,  but  should  not  be  applied 
in  such  large  amounts,  relative  to  phosphorus  and  potassium, 
as  to  prolong  the  growth  of  the  canes  too  late  to  ripen  prop- 
erly, which  makes  them  liable  to  injury  by  cold  weather. 
An  annual  application  in  spring  of  300  to  600  pounds  of 
one  of  the  fruit-tree  mixtures  (p.  676)  will  furnish  abun- 
dance of  plant-food  in  case  of  good  soils.  On  light  soils, 
additional  nitrogen  should  be  provided  by  leguminous  cover- 
crops.  Good  results  have  been  obtained  by  some  in  applying 
per  acre  75  to  100  pounds  of  sodium  nitrate  early  in  the  sea- 
son after  tfie  plants  blossom,  especially  on  soils  of  light  char- 
acter. While  this  treatment  promotes  the  development  of  the 
fruit,  the  applications  should  not  be  such  as  to  produce  weak 
overgrowth  of  new  canes  that  do  not  properly  mature  before 
the  end  of  the  season. 

Raspberries. — Deep  moist  soils  well  underdrained  and 
supplied  with  humus  furnish  best  conditions  of  growth.  Red 
raspberries  are  better  adapted  to  light  loams  and  black-caps 
to  heavier  loams.  In  respect  to  the  use  of  fertilizers  the 
statements  regarding  blackberries  apply  equally  well  to 
raspberries. 

Currants  grow  well  on  any  soil  thai  produces  good 
general  farm  crops ;  they  do  best  in  a  cool  climate  like  that 
of  our  northern  states.  They  prefer  a  cool  location  and  do 
well  in  partial  shade.  When  properly  cared  for  in  the  way 
of  cultivating,  feeding  and  pruning,  the  bushes  continue  in 
bearing  for  many  years. 

Fertilizers, — Farm  manure  was  exclusively  used   for  a 
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long  time  and  the  result  frequently  was  an  accumulation  of 
nitrogen  in  the  soil,  a  condition  promoting  attack  by  milde  ,v. 
When  farm  manure  is  used,  there  should  be  an  applica- 
tion of  phosphorus  and  potassium  compounds,  especially 
on  light  soils.  The  best  plan  is  to  provide  most  cf  the 
nitrogen  through  leguminous  cover-crops  and  use  a  fertilizer 
supplying  relatively  large  amounts  of  phosphorus  and  potas- 
sium. Any  of  the  fruit-crop  mixtures  (p.  676)  will  meet 
these  conditions,  using  from  300  to  600  pounds  on  heavier 
soils  and  larger  amounts  on  light,  sandy  soils. 

Gooseberries  are  in  every  respect  treated  like  currants. 

Strawberries  form  the  most  important  of  the  small- 
fruit  crops,  largely  because  they  come  as  the  first  fresh  fruit 
of  spring.  Strawberries  grow  well  on  any  soil  that  raises 
good  crops  of  corn.  While  clay  loams  usually  produce  larger 
crops,  sandy  loams  ripen  their  crops  earlier.  The  soil  should 
contain  an  abundance  of  organic  matter. 

Fertilisers, — Strawberry  plants  have  one  year  of  growth 
preparatory  to  the  fruiting  stage.  During  this  preliminary 
period  the  chief  object  is  to  develop  the  plant  in  the  highest 
state  of  vitality  possible  and  enable  it  to  store  in  its  roots 
feeding  material  that  will  be  sufficient  to  produce  a  vigorous 
growth  in  early  spring  and  so  allow  it  to  appropriate  plant- 
food  supplies  in  the  soil.  Upon  the  vigor  of  the  plant  secured 
during  the  preparatory  year  of  growth  depends  mainly  the 
crop  of  the  following  year  when  the  plant  comes  into  bear- 
ing. It  is  obvious,  therefore,  that  the  soil  in  which  straw- 
berries are  set  should  contain  liberal  supplies  of  readily 
available  plant-food.  In  the  case  of  soils  in  good  condition, 
an  application  of  300  to  500  pounds  of  Mixture  No.  8  (p. 
603)  can  be  used  previous  to  setting  out  the  plants ;  on  poor, 
light  soil  more  can  be  used.  In  the  spring  following  the 
setting  of  the  plants,  an  early  application  of  the  same  ferti- 
lizer should  be  used  in  the  same  or  larger  amounts,  put  as 
near  the  row  as  practicable  and  worked  into  the  soil  lightl)'. 
It  is  the  practice  among  some  growers  to  apply  per  acre  a 
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top-drcssing  of  too  to  200  pounds  of  sodium  nitrate  in  the 
spring  after  the  foHage  is  well  started  and  before  blossoms 
appear,  but  in  such  cases  there  should  be  plenty  of  phos- 
phorus and  potassium  within  reach  of  the  plant.  The  prac- 
tice is  increasing  of  applying  the  complete  fertilizer  as  given 
above,  and  then  a  top-dressing  of  100  pounds  or  more  of 
sodium  nitrate  about  the  time  of  blossoming  or  immediately 
after.  Large  applications  of  nitrate  increase  the  vigor  of 
the  plants  and  the  yield  of  fruit,  provided  phosphorus  and 
potassium  are  also  supplied  in  liberal  amounts.  Applica- 
tions of  too  much  nitrogen  in  relation  to  phosphorus  and 
potassium  usually  results  in  a  berry  containing  a  larger  per- 
centage of  water  and  softer  consistency,  impairing  its  ship- 
ping and  keeping  quality.  In  applying  nitrate,  care  must  be 
taken  to  keep  it  from  burning  the  plants  (p.  533). 

Pineapples. — The  growth  of  pineapples  in  the  United 
States  is  largely  confined  to  a  portion  of  Florida,  though 
crops  are  grown  also  in  our  island  possessions,  notably  in  the 
Hawaiian  Islands. 

The  soil  used  in  Florida  is  a  fine  sand  containing  very 
small  amounts  of  plant-food.  Practically  all  of  the  plant- 
food  used  by  the  crop  must,  therefore,  be  applied  in  the  form 
of  fertilizers.  The  annual  application  per  acre  of  2,000 
to  4,000  pounds  of  a  fertilizer  containing  5  per  cent,  of 
nitrogen,  4  per  cent,  of  available  phosphoric  acid  and  10 
per  cent,  of  potash  is  practiced.  The  fertilizer  is  not  all 
applied  at  once,  but  is  divided  into  two  to  four  applications  a 
year;  5  or  6  applications  are  made  during  the  first  i& 
months  and  then  2  a  year.  It  has  been  found  that  pineapples 
are  sensitive  to  certain  forms  of  fertilizing  materials  which 
produce  injury  to  grow^th  or  to  quality  or  to  both.  Thus, 
acid  phosphate  is  not  used  unless  the  soil  is  kept  supplied 
with  calcium  carbonate,  additions  of  this  being  made  to  the 
soil  every  year  or  two  at  the  rate  of  1,000  pounds  an  acre. 
Sodium  nitrate  may  be  used  for  the  first  six  months,  or, 
with  caution,  for  the  first  year,  but  after  that  only  organic 
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nitrogen  is  employed,  such  as  dried  blood,  cottonseed-meal, 
castor-pomace,  tobacco  stems  or  dust,  etc.  Potassium  sul- 
phate, preferably  the  double  manure  salt,  potassium  an<l 
magnesium  sulphate,  is  used,  and  not  the  chloride  and  kainitc. 
As  soon  as  possible  after  the  plants  are  set  out,  about  a 
tablespoonful  of  cotton  seed -meal,  or  of  a  mixture  of  3  parts 
of  cottonseed-meal  and  1  part  of  tobacco  dust,  is  dropiied 
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The  soil  where  planls  are  large  was  treated  with  cottonseed'ineal, 
potassium  and  magnesium  carbonate  and  bone-meal.  The  soil  where 
plants  are  small  was  treated  with  cottonseed-meal,  kainjte  and  add 
phosphate.    Florida  Station. 

into  the  bud.  About  6  weeks  later  the  first  regular  applica- 
tion of  fertilizer  mixture  is  put  on  broadcast  and  well  worked 
in.  Details  vary  with  different  growers,  but  the  following 
treatment  serves  as  an  illustration:  In  October  or  early 
November  a  mixture  of  about  700  pounds  of  blood  and  bone 
and  500  pounds  of  potassium-magnesium  sulphate  may  be 
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applied,  and  again  the  same  amount  in  February.  Before 
the  beginning  of  the  rainy  season,  a  third  amount  is  used  con- 
taining 1,000  to  2,000  pounds  of  blood  and  bone  and  750  to 
1,500  pounds  of  potash  salt. 

In  the  Hawaiian  Islands,  the  conditions  of  growth  are 
wholly  different  from  those  in  Florida,  only  fertile  soils 
being  used  and  the  amounts  of  applied  fertilizers  being  less. 
An  interesting  experience  in  connection  with  the  growing 
of  pineapples  in  Hawaii  shows  that,  in  some  of  the  soils 
containing  manganese  oxide  in  amounts  as  high  as  5  per 
cent.,  the  young  plants  start  well,  but  in  a  few  months  the 
leaves  turn  yellow  and  many  of  the  plants  never  bear  fruit, 
or,  if  any  is  produced,  it  is  inferior  in  both  size  and  quality. 
This  trouble  is  probably  caused  by  the  formation  of  a 
deposit  of  manganese  oxide  about  the  roots,  interfering  with 
their  normal  functions.  On  soils  containing  less  manganese, 
no  trouble  is  experienced. 


Typical  navel  orange  grove  of  Salt  River  Valley.    Irrigated  and 
thoroughly  cultivated.   Arizona  Station. 
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Table  66— Approximate  Amounts  of  Plant-Food  Con- 
stituents Used  in  One  Crop 


nndof  crop 


Applb 

Pniit 

Leaves  . . . . 
New  wood . 

Total 

Pbach 

Fhiit 

Leaves  . . . . 
New  wood . 

Total 

Pbars 

Pnaik 

Leaves  ..^. . 
New  wood  . 

Total 

Plums 

Fnut 

Leaves  . . . . 
New  wood . 

Total 

QUINCBS 

Fruit 

Leaves  . . . . 
New  wood  . 

Total 

Cherries 

Blackberries  . 
Red  raapber's 
Blackberries  . 
Strawberries  . 
Currants  .  . . . 
Gooseberries  . 
Grapes 


Vicld 
per  acre 


500  ba 
1000  lbs. 

100  •• 


400  bo. 
5300  lbs. 
1500  •• 


500  bo. 
2400  lbs. 
600  " 


200  bu. 

2000  lbs. 

700  •• 


200  btt. 

1500  lbs. 

400  " 


8000  lbs. 
4000  qts. 
4000  " 
3000  " 
5000  " 
32«0  " 
3200  " 
6000  lbs. 


Ttees 
per  acre 


30 
30 
30 


100 
100 
100 


100 
100 
100 


120 
120 
120 


160 
160 
160 


120 


Nitro- 
gen 


Lbs. 

6.0 
10.0 

0.5 

16.5 


34.0 


16.0 

11.0 

10.5 

10.0 

7.5 

12.0 

6.5 

9.0 


Phosphoric 
acid(Ps05) 


Lbs. 
3.0(1.3P) 
1.5  (0.7P) 
0.2  (O.IP) 

4.7  (2.1P) 


11.0  (4.8P) 
8.0  (3.5P) 
2.0  (0.9P) 

21.0  (9.2P) 


3.0  (1.3P) 
2.9  (1 .3P) 
0.6  (0.2P) 

6.5  (2.9P) 


5.5  (2.4P) 
3.5  (1.5P) 
1.5  (0.7P) 

10.5  (4.6P) 


5.5  (2.4P) 
2.7(1.3P) 
0.8  (0.3P) 

9.0  (4.0P) 


4.0 
3.0 
4.5 

3!o 

5.0 
3.0 
6.0 


1.8P 
1.3P 
:2.0P 
1.8Pi 
1.3P) 
:2.2P) 
t.3P) 
:2.6P) 


Potash 
(KaO) 


15.0  <12.5K) 
3.5  (  2.9K) 
0.3  (  0.2K) 


18.8  (15.6K) 


45.5  (37.8K) 

42.0(35.  K) 

2.5  (  2.  K) 

90.0  (74.8K) 


15i> 
9 


5i>  (12. 
9.6  (  8. 
1.5  (  1. 


12.4K) 

K) 

2K) 


26.1  (21.6K) 


21.3  (17.6K) 

16.0(13.3K) 

2.0  (  1.6K) 

39.3  (32.6K) 


25.0  (20.8K) 
6.4  (  5.3K) 
1.6  (  1.3K) 

33.0  (27.4K) 


Lime 
(CaO) 


1.5  (  l.lCa) 

17.0  (12.lCa) 

1.5  (  l.lCa) 


20i>  (14.3Ca) 


23  (  2.  Ca) 

120JI  (86.2Ca) 

6.4  <  4.6Ca) 

130i>  (92.8Ca) 


2.0  (  1.4Ca) 

TSJH  (18.  Ca) 

4.0  (  2.8Ca) 

31.0  (22.2Ca) 


5.0  (  3.6Ca) 
31.0  (22.  Ca) 
11.5  (  8.2Ca) 

47.5  (33.8Ca> 


2.0 
30.0 
IOjO 


1.4Ca) 

:21.4Ca) 

7.2Ca) 


42.0  (3a  Ca) 


P»  phosphorus.       K,  potassiiun. 


CHAPTER  XXXV 

SPECIAL  CROPS:  COTTON,  TOBACCO,  SUGAR- 
CANE,  HOPS,  FLAX,  PEANUTS 

There  are  some  important  crops  which  do  not  come 
under  any  of  the  groups  we  have  been  studying,  and 
which  are  more  or  less  closely  localized ;  these  have  been 
reserved  for  this  closing  chapter. 

Cotton. — This  crop  has  long  been  the  chief  dependence 
of  agricuhure  in  the  South,  because  it  is  the  one  from  which 
the  farmer  obtains  most  of  his  income.  The  cotton-belt 
of  America  includes  about  one-fourth  of  the  area  of  the 
United  States,  extending  from  Florida  and  Texas  on  the 
south  to  southern  Virginia  and  northern  Oklahoma  on 
the  north,  though  small  amounts  are  grown  in  scattered 
spots  outside  of  this  area. 

All  parts  of  the  cotton  plant  serve  some  useful  purpose. 
Next  to  the  lint,  the  seed  possesses  high  value ;  the  oil  is 
widely  used  in  cooking  and  in  manufactures,  while  the 
portion  remaining  after  the  oil  is  removed  has  high  value 
as  a  fertilizer  and  as  an  animal  food.  The  hulls  serve  as 
fuel.  The  roots  of  the  plant  furnish  a  useful  drug,  while 
the  stems  and  leaves  may  be  used  as  fodder  or  fuel. 

Profitable  cotton-growing  depends  on  climate,  quality 
of  soil,  proper  soil  management  and  good  seed.  The  cot- 
ton crop  has  been  extensively  studied  by  the  different  ex- 
periment stations  located  in  the  cotton-belt  and  a  large 
amount  of  literature  has  been  published  on  the  methods 
of  growing  cotton.  The  results  of  this  scientific  study 
hav-e  raised  cotton-growing  from  a  haphazard,  soil-ex- 
hausting, unprofitable  industry  to  one  that  can  be  made 
to  yield  satisfactory  returns  and,  at  the  same  time,  main- 
tain th«  soil  in  a  good  state  of  productiveness. 
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(i)  Crop-rotation  for  cotton. — Crop-rotation  is,  if  pos- 
sible, even  more  essential  to  profitable  cotton-growing 
than  to  that  of  cereals.  'Nmnerous"  rotations  are  possi- 
ble, but  a  short  one  of  two  or  three  years  appears  to  give 
best  results.  The  use  of  a  leguminous  crop,  lifeually  cow- 
peas,  IS  essential.    The  following  serve  as  illustrations: 


(2)'  Soil  and  preparation. — While  good  crops  of  cotton 
can  be  raised  on  a  great  variety  of  soils,  clay  loams  and 
silty  loams  are  superior  to  sandy  loams.  The  best  type 
of  soil  is  a  well-drained,  light  clay  loam  or  medium  heavy 
sandy  loam,  well  provided  with  organic  matter,  and  with 
a  subsoil  not  too  heavy  and  compact. 

In  preparing  the  soil,  the  object  should  be  a  well- 
pulverized,  loose  seed-bed.  The  cotton  plant  has  a  long 
tap-root  which  will  go  well  down  into  the  soil  if  it  has.  a 
chance.  On  soils  not  subject  to  severe  washing,  plowing 
in  early  winter  is  practiced,  while  on  lighter  soils  and  those 
liable  to  washing,  the  plowing  is  done  just  before  plant- 
ing. Depth  of  plowing  varies  from  4  to  8  inches  accord- 
ing to  the  character  of  the  soil.  If  necessary,  the  soil 
IS  harrowed  to  make  it  fine.  Two  or  three  weeks  before 
planting,  it  is  laid  out  in  rows  varying  from  3  to  4  feet 
wide,  leaving  a  furrow  in  which  fertilizer  and  seed  are 
placed. 

(3)  Fertilisers. — ^The  use  of  fertilizers  for  cotton- 
growing  has  been  extensively  studied  and  some  fairly 
definite  facts  have  been  developed.  Conditions  are  favor- 
able for  obtaining  plant-food  materials  to  advantage, 
since  leguminous  crops  supplemented  by  cottonseed-meal 
can  be  used  as  the  chief  source  of  nitrogen,  and  acid  phos- 
phate, produced  in  the  South,  is  the  source  of  phosphorus. 
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The  only  materials  that  require  to  be  brought  from  long 
distances  are  sodium  nitrate,  which  is  used  to  some  ex- 
tent, and  potassium  compounds,  which  are  commonly- 
applied  either  as  kainite  or  chloride.  It  is  stated  that  the 
use  of  kainite  is  a  specific  against  cotton-rust  and  blight. 
On  heavy  clay  soils,  little  potassium  appears  to  be 
needed, provided  green-crop  manures  and  calcium  carbon- 


SOUTHERN  COTTON-FIELD.     SOUTH  CAROLINA  STATION. 

ate  are  kept  in  the  soil  in  good  supply.  Well-decom- 
posed farm  manure  applied  very  early  in  the  season 
gives  excellent  results,  especially  when  supplemented 
with  100  to  zoo  pounds  of  acid  phosphate  for  each 
ton  of  manure.  Ground  rock-phosphate  or  "floats" 
applied  with  farm  manure  or  with  a  green-crop  manure 
at  the  rate  of  1,000  pounds  an  acre  once  in  several  years 
appears  to  offer  promise  as  a  cheap  source  of  gradually 
available  phosphorus,  but  the  effectiveness  of  this  prac- 
tice has  not  been  sufficiently  demonstrated  yet. 
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The  cotton  crop  is  far  from  making  heavy  drafts  on 
plant-food  in  soils,  and  does  not  require  heavy  fertiliza- 
tion when  only  the  lint  is  taken  from  the  farm.  The  vari- 
ous recommendations  indicate  an  application  of  200  to 
700  pounds  of  mixtures  containing  cottonseed-meal,  acid 
phosphate  and  potassium  chloride.  The  following  are 
among  various  mixtures  that  have  been  published  as  sug- 
gestions for  use  in  fertilizing  cotton : 


Table  67 — Plant-Food  Mixtuses  for  Cotton  Crops. 


CottoimoQ4ie&l  ..•••• 
Add  phosphate.  .^ . . . . 
Potassittm  cfaloriao  . . . 


Fbrday 
loam  soil 


Fariandy 

loam  sou 

^thday 

aubsoil 


750 

S50 

1200 

1100 

50 

90 

For  sandy 

■oawlth 

day  nib- 

toa 


92S 
1000 

75 


For 

Bandy  aoiU 


900 

1000 

loo 


For  deep, 
•aodyfioiis 


1000 
87$ 


In  connection  with  these  mixtures,  the  suggestion  is 
made  that  application  of  sodium  nitrate  is  likely  to  prove 
useful,  applying  as  a  top-dressing  at  the  rate  of  50  to  75 
pounds  an  acre  about  the  middle  of  May.  In  some  of  the 
states,  an  application  of  100  to  150  pounds  of  cottonseed- 
meal  and  100  to  200  pounds  of  acid  phosphate,  without 
any  potash,  is  advised;  while  in  others,  the  following 
application  per  acre  is  used:  120  to  160  pounds  of  cotton- 
seed-meal, 80  to  120  pounds  of  acid  phosphate  and  80  to 
120  pounds  of  kainite. 

The  method  of  application  commonly  followed  is  dis- 
tribution in  the  furrow  at  the  time  of  planting  the  seed, 
while  some  follow  the  practice  of  applying  two  weeks 
ahead  of  planting.  Application  in  the  row  is  more  gen- 
erally advised  than  broadcasting.  One  application  is 
preferably  made,  in  general,  rather  than  part  at  the  time 
of  planting  and  the  rest  later. 

Qn  l<^nds  lacking^  in  calcium  c^rbons^te,  an  applicatioQ 
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of  1,000  to  2,000  pounds  of  slaked  lime  an  acre  once  in 
4  or  5  years  has  proved  beneficial. 

(4)  Planting  and  Cultivation. — In  selecting  seed,  the 
heaviest  is  found  to  give  best  results.  Planting  varies 
from  the  middle  of  March  to  the  middle  of  May,  accord- 
ing to  locality  and  season.  The  rows  are  3  to  4  feet  apart 
and  the  distance  between  the  plants  in  the  rows  varies 
from  12  to  24  inches,  being  closer  on  poor  soils. 

Cultivation  commences  early  and  is  as  frequent  as 
practicable,  depending  on  weather  conditions.  Cultiva- 
tion after  rains  is  important. 

Tobacco. — ^The  growing  of  tobacco  is  a  specialty.  Not 
only  is  the  industry  localized  according  to  soil  or  climate 
or  a  combination  of  both,  but  special  varieties  are  fur- 
ther localized.  Moreover,  the  methods  of  culture  differ 
widely  according  to  the  variety  and  the  purpose  for  which 
it  is  grown.  Owing  to  the  complexity  of  the  operations  in- 
volved, we  shall  not  undertake  any  discussion  of  methods 
of  culture  but  confine  our  attention  to  a  few  facts  about 
soils  and  rotation  in  addition  to  the  use  of  plant-food 
mixtures. 

( 1 )  Soil. — Probably  no  plant  is  so  easily  aflFected  by  char- 
acter of  soil  as  tobacco.  The  variety  of  tobacco  in  a 
particular  locality  is  grown  there  largely  because  of  the 
special  type  of  soil  found  there.  The  physical  properties 
of  the  soil  appear  to  be  more  influential  than  the  chemi- 
cal. The  soil  types  vary  all  the  way  from  the  coarse, 
sandy  pine  barrens  to  heavy  limestone  clays. 

(2)  Crop-rotations  for  tobacco, — ^The  following  illustrate 
rotations  practiced  in  different  localities  for  tobacco 
growing: 

Two  years :  Tobacco,  i ;  cowpeas,  i. 

Three  years :  Tobacco,  i ;  rye  or  wheat,  1 ;  clover,  i. 

Three  years :  Tobacco,  i ;  wheat  and  clover,  i ;  clpver 
^azed,  I, 
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Three  years:  Corn,  rye  cover-crop,  i;  rye  plowed  tin- 
der, and  tobacco,  l ;  grass,  l  or  2. 

Four  years :  Clover,  i ;  corn  and  cowpeas,  I ;  tobacco,  I ; 
wheat  and  clover,  i. 

(3)  Fertilizers. — Tobacco  in  its  relations  to  plant-food 
is  characterized  in  two  ways:  (1st)  It  uses  nitrogen  and 
potassium  and  calcium  in  amounts  used  by  few  other 
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crops;  (2d)  its  quality  is  influenced  as  in  the  case  of  few 
other  crops  by  the  kind  of  plant-food  compounds  applied. 
In  addition  to  the  fact  that  the  tobacco  consumes  large 
amounts  of  plant-food,  the  finest  qualities  are  ^own  only 
on  light,  sandy  soils,  which  naturally  contain  only  small 
amounts  of  plant-food,  and  which,  for  this  reason,  must 
be  especially  heavily  fed. 

TTie  quality  of  the  crop  must  be  considered  as  well  as 
the  yield,  and  the  application  of  certain  plant-food  com- 
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pounds  injures  quality.  It  appears  to  be  generally  agreed 
that  presence  of  the  element  chlorine  in  a  tobacco  ferti- 
lizer impairs  the  quality  for  smoking.  A  chloride  in  a 
tobacco  produces  on  burning  an  ash  that  fuses,  and  such 
tobacco  is  unsatisfactory  for  smoking  on  this  account, 
especially  in  the  form  of  cigars.  For  this  reason,  potas- 
sium should  not  be  applied  in  the  form  of  chloride,  but 
only  as  sulphate  or  carbonate.  Large  applications  of 
nitrogen  tend  to  produce  thick,  heavy  leaves,  loaded  with 
gummy  material,  a  condition  which  is  desirable  in  case 
of  manufacturing  tobaccos,  but  unsuitable  for  those  uses 
which  call  for  thin-textured  leaves  or  fine,  bright  tobac- 
cos. In  respect  to  the  different  forms  of  nitrogen,  it  is 
generally  believed  by  investigators  that  nitrogen  in  any 
form  is  suitable,  whether  as  nitrate,  ammonia  or  organic 
nitrogen.  Plant-food  mixtures  for  tobacco  can  be  made 
from  the  usual  fertilizing  materials,  except  that  com- 
pounds or  materials  containing  chloride  must  be  ex- 
cluded. 

The  following  points  should  be  observed  in  growing 
tobacco:  (i)  The  soil  should  be  kept  well  supplied  with 
calcium  carbonate.  (2)  Organic  matter  should  be  kept 
in  the  soil  in  abundance,  preferably  by  means  of  legumi- 
nous crops,  which  will  also  furnish  much  of  the  nitrogen 
needed  by  the  tobacco  crop.  (3)  In  addition  to  nitrogen 
furnished  by  such  crops,  nitrogen  in  any  commercial 
form  that  is  most  easily  obtainable  will  answer  to  furnish 
the  balance  needed.  In  the  South,  cottonseed-meal  is 
extensively  used  to  advantage.  (4)  Phosphoric  acid  is 
most  conveniently  furnished  in  the  form  of  acid  phos- 
phate. (5)  Potassium  should  be  used  only  in  the  form 
of  sulphate  or  carbonate,  and  never  as  chloride.  (6) 
When  farm  manure  is  used,  it  should  be  well  decom- 
posed. (7)  Nitrogen,  phosphorus  and  potassium  should 
all  be  applied,  but  excessive  qitrogenous  fertilization 
avoided 
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The  following  may  be  regarded  as  a  fair  representa- 
tion of  good  tobacco  fertilizers : 

Table  6S — Plant-Food  Mixtures  for  Tobacco  Crop. 


Materials 


Sodium  nitrate . . . . 

Dried  blcxxl 

Cottonseed-meal . . . 

Fish-scrap 

Acid  phosphate . . . 
Potasnum  sulphate 


I 

2 

3 

Lbs. 

Lbs. 

Lbs. 

200 

200 

800 

600 

„^^ 

800 

800 

800 

600 

400 

400 

400 

Lbfl. 
ISO 

900 

600 
350 


The  amount  applied  of  fertilizers  of  the  foregoing 
composition  varies  greatly  according  to  conditions  of  soil 
and  general  previous  soil  management;  but  the  use  of 
i,ooo  pounds  an  acre  is  commonly  regarded  as  a  compara- 
tively light  application,  while  the  application  of  2,000 
pounds  is  not  uncommon. 

Sugar-cane. — Most  of  the  sugar-cane  in  the  United 
States  is  grown  in  Louisiana;  it  is  a  prominent  crop  in 
the  island  dependencies,  forming  by  far  the  largest  in- 
dustry in  Hawaii,  where  for  many  years  it  has  been 
grown  with  much  intelligent  skill. 

Sugar-cane  requires  a  warm  climate  and  a  fertile  soil, 
well-drained,  cultivated  and  watered.  It  should  be  added 
that  the  soil  must  also  be  well  supplied  with  calcium  car- 
bonate. Occasional  liming  is  usually  found  beneficial.  The 
plowing  is  generally  very  deep,  18  inches  or  more.  Good 
surface  cultivation  is  practiced  while  the  crop  is  growing, 
which  usually  occupies  the  ground  three  years  or 
more  for  each  planting,  so  that  frequent  crop-rotations 
are  impracticable.  It  is  highly  important  that  between 
plantings  the  soil  be  occupied  one  year  with  some  other 
crops,  one  of  which  shall  be  leguminous.  One  method  is 
to  grow  a  crop  of  corn  and  follow  it  with  cowpeas,  plow- 
ing the  leguminous  crop  under  as  green-manure.  Any 
of  the  well-known  plant-food  materi?ils  can  t>e  us^d  ip 
fertilizing  sugar-cane* 
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While  the  crop  removes  large  amounts  of  plant-food  con- 
stituents and  would  therefore  impress  one  as  an  exhausting 
crop,  it  must  be  remembered  that  the  one  substance  sold  is 
sugar,  a  carbohydrate  containing  no  nitrogen,  phosphorus, 
potassium  or  calcium,  except  in  small  traces  as  impurities. 
Therefore,  practically  all  of  the  plant-food  material  removed 
can  be  restored  to  the  soil  This  is  true  of  the  phosphorus 
and  potassium,  but  less  true  of  the  nitrogen,  since  much  of 
the  extracted  cane  is  used  as  fuel  and  the  nitrogen  thus  lost. 
Experiments  indicate  that  in  case  of  good  sugar-cane  land 
in  Louisiana,  there  should  be  an  annual  application  of  nitro- 
gen ranging  from  25  to  50  pounds,  and  about  35  pounds  of 
phosphoric  acid  (15  P),  and  potash  in  accordance  with  the 
character  of  the  soil,  good  clay  soils  rich  in  organic  matter 
and  calcium  carbonate  often  not  requiring  any.  Commercial 
fertilizers  have  been  very  extensively  employed  in  the  grow- 
ing of  sugar-cane  and  much  study  has  been  given  to  their 
use.  The  fertilizer  may  be  applied  broadcast  and  worked 
into  the  soil  before  planting,  or  it  may  be  placed  under  the 
plant-cane  and  covered  with  soil  at  the  time  of  planting. 
Some  apply  part  of  the  fertilizer  in  the  row  and  part  later 
after  the  plants  are  well  started,  distributing  it  on  each  side 
of  the  row.  After  a  crop  has  been  cut,  the  stubble  cane, 
when  allowed  to  grow  another  crop,  is  not  fertilized  imtil 
about  the  time  each  sprout  has  sent  out  its  own  rootlets. 

In  Hawaii  so  great  variation  of  soils  and  rainfall  is 
found  that-  each  plantation  is  apt  to  have  fertilizing  prob- 
lems peculiar  to  itself.  In  the  districts  where  excessive 
rains  fall,  nitrates  are  not  used  much  on  accoimt  of  leaching, 
but  organic  nitrogen  is  preferred  in  forms  such  as  tankage 
and  fish-scrap,  while  ammonium  sulphate  can  be  safely  used. 
Tankage,  containing  about  8  per  cent,  of  nitrogen  and  10 
of  phosphoric  acid  (44  P),  is  applied  in  the  furrow  at  the 
time  of  planting  and,  after  the  cane  is  growing  well,  there  is 
given  a  top-dressing  of  a  high-grade,  easily  available  ferti- 
liser, especially  hi^  in  potash,  the  sulphate  bein^  pref  err94 
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where  the  rainfall  is  heavy,  for  the  reason  that  it  causes  less 
leaching  of  calcium  from  the  soil  than  the  chloride.  In 
districts  where  irrigation  is  practiced,  nitrate  nitrogen  is 
extensively  used.  Fertilizers  are  applied  where  the  irriga- 
tion water  dissolves  and  carries  the  plant-food  down  to  the 
plant  roots. 

Hops. — Formerly  hop-raising  was  confined  to  New 
York,  but  it  now  forms  a  prominent  agricultural  industry  in 
the  Pacific  coast  states,  Oregon,  California  and  Washington, 
where  it  can  be  carried  on  under  more  favorable  climatic 
conditions  and  cheaper  methods.  The  eastern  production  has 
been  steadily  decreasing  for  some  years. 

Rich,  sandy  loams,  moist  but  not  wet,  are  best  suited  to 
hops,  but  the  crop  does  well  on  a  great  variety  of  soils  if 
well  drained. 

No  extensive  systematic  studies  have  been  made  of  the 
subject  of  feeding  hops,  largely  for  the  reason  that  in  the 
Pacific  states  fertilizers  are  not  yet  used  much,  while  in  the 
East  the  interest  in  hop  culture  has  been  decreasing.  In 
using  plant- food  the  custom  has  been  to  use  12  to  20  tons 
of  farm  manure  per  acre  in  starting  a  crop.  After  the  plants 
are  established,  a  generous  forkful  of  manure  is  placed  on 
the  crown  of  the  plant  in  the  fall,  which  in  the  spring  is 
worked  into  the  soil  about  the  plant.  Manuring  between 
rows  is  also  practiced.  The  use  of  fresh  manure  in  too 
large  amounts  is  liable  to  cause  excessive  growth  of  leaf 
and  green  hops  of  undesirable  quality,  as  the  result  of  over- 
supply  of  available  nitrogen.  Commercial  fertilizers  have 
been  successfully  used,  sometimes  in  alternation  with  farm 
manure.  Wood-ashes  when  more  plentiful  were  extensively 
used  and  gave  excellent  results,  especially  in  combination 
vvith  ground  bone.  The  most  successful  practice  appears 
to  be  that  of  applying  manure  on  the  crown  in  the  fall  and 
then  making  an  application  of  commercial  fertilizers  in  the 
spring  previous  to  the  first  cultivation.  Fertilizers  having 
a  composition  about  like  those  applied  to  potatoes  are  com- 
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monly  used  for  hops.    A  fertilizer  like  Mixture  No.  9  (p. 

603)  is  well  adapted  to  supply  the  needs  of  the  hop  crop, 

appl)nng  at  the  rate  of  400  to  800  pounds  an  acre.    In  case 

of  soils  rich  in  potash,  the 

amount  given  in  this  mixture 

may  be  reduced  one-half.  ! 

Flax,  while  valuable  as  a 
fiber  crop,  is  grown  in  the 
United   States   more  exten- 
sively for  its  seed,  the  source 
of  linseed-oil  and  linseed- 
meal  {p,  254).    The  princi- 
pal  flax-growing  states  are 
Minnesota     and     the     two 
Dakotas.    Flax,  when  grown 
for  seed,  is  adapted  to  about 
the  same  climate  as  wheat, 
while  a  cool,  moist  climate 
is  best  suited  to  the  produc- 
tion of  the  best  kind  of  fiber. 
Flax  has  had  a  bad  reputa- 
tion   agriculturally,    having 
long    been     regarded    as    a      Effect  of  thickness  of  seeding 
_„^w=-    -,^A    ^^;  «r.«-    ^r    -n  "PO"   fineness  of   fiber.     No.  1,  1 
robber  and   poisoner  of   all  ^^  .^^j.  jjo.  2.  VA  bn.  seed;  No. 
soils  with  which  it  comes  in  3,  SJ^   bu.  seed;   No.  i,   I'A  bu. 
contact:    but    the    investiga-  s««d-    Fineness  of  fiber  is  largely 
,.  /  c  ■     dependent   on   thickness   of   seed- 

tions  of  some  of  our  expen-  j^g     ^^^^8  Dakota  Station. 
ment   stations   have   proved 
the  falsity  of  these  old  errors  of  belief. 

(l)  Crop-rotation  for  flax. — So  far  as  relates  to  the  plant- 
food  relations,  traditional  rotations  for  flax,  based  on  the 
belief  that  flax  should  be  grown  on  the  same  soil  only  once 
in  several  years,  have  been  rejected,  and  also  the  simple 
rotation  of  small  grains  and  flax  has  been  shown  to  be  wholly 
undesirable.  The  prevalence  of  the  flax-wilt  disease,  the 
germs  of  which  persist  in  an  infected  soil  for  years,  intro- ' 
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duces  a  c(»n{Jtcation  which  greatly  modifies  any  totaitioo 
based  on  pLant-iood  requirements.  In  any  rotation  system, 
the  elimination  of  disease  germs  must  be  kept  in  mind. 
So  far  as  the  crop  itself  is  concerned  otherwise,  the  main 
things  to  keep  in  mind  are  (a)  the  use  of  a  leguminous  crop, 
usually  clover,  one  or  two  seasons  preceding  flax,  and  (b) 
such  soil  management  as  will  insure  freedom  from  weeds. 
Experimental  work  on  rotations  indicates  the  marked 
value  of  one  or  more  crops  of  cultivated  com  in  the  rota- 
tion with  the  flax  crop  immediately  preceded  by  hay  and  pas- 
ture for  several  years. 

(2)  SoU  and  preparation, — Generally  speaking,  good  com 
or  wheat  soils  will  grow  flax  well  for  seed ;  moist,  deep,  clay 
loams,  well  drained,  are  generally  better  than  sandy  loams 
for  fiber  production.  More,  however,  appears  to  be  depend- 
ent on  the  preparation  of  the  soil  than  upon  the  particular 
type.  For  a  long  time  it  was  supposed  that  the  successful 
growing  of  flax  requires  land  rich  in  plant-food  constitueftts 
and  that  the  crop  is  a  particularly  exhausting  one.  But  it 
has  been  demonstrated  that  an  average  crop  of  flax  uses 
less  total  plant-food  per  acre  than  a  crop  of  potatoes,  com, 
wheat,  or  oats.  Another  tradition  was  that  soil  is  badly 
injured  by  flax,  since  it  was  a  common  experience  that  flax 
could  not  be  successfully  grown  on  the  same  soil  continu- 
ously for  many  years  without  trouble  from  what  is  known 
as  "flax-wilt,''  a  condition  ascribed  to  the  soil  being  "flax- 
sick."  It  has  been  recently  shown  that  this  is  due  to  a  fun- 
gus disease,  which  is  usually  introduced  into  the  soil  with 
the  seed,  and  that,  therefore,  so-called  "flax-sickness"  is  in 
no  sense  due  to  any  peculiar  character  or  property  of  the  soil 
itself.  It  is,  therefore,  now  generally  accepted  that  the  char- 
acter of  the  soil  is  of  secondary  importance,  while  the  strains 
of  seed  used  and  climatic  and  seasonal  conditions  are  of  more 
importance. 

The  aim  of  soil  preparation  for  the  crop  should  be  to  fur-  \ 

nish  a  well-worked  lower  layer  such  as  will  ffve  a  dose 
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stmctare  for  carrying  water  ap  to  the  surface  and  at  the 
same  time  so  work  the  surface  layer  as  to  provide  a  fine, 
mellow  but  shallow  seed-bed  about  one  inch  deep.  Deep 
plowing  and  working  should  precede  seeding  time  as  long 
as  possible  in  order  to  make  plant-food  available  for  the 
coming  crop. 


The  two  bundles  of  seed-flax  have  been  bred  for  resistance  to  wilt 
or  root-blight  fungi.  Yield  in  each  case  is  product  of  2  sq.  yds.  of 
ground.  Bundle  23  (N.  D.  R.  114  strain)  is  ISth  consecutive  crop 
on  flax-sick  soil,  on  which  no  ordinary  flax  can  hve.  Bundle  29 
(N.  D.  R.  53  strain)  illustrates  variation  in  type  or  body  form 
obtainable  by  selection  and  breeding.    Nokth  Dakota  Station. 

(3)  Fertilizers. — Flax  uses  twice  as  much  nitrogen  as 
potash  and  three  times  as  much  as  phosphoric  acid.  In 
feeding  flax,  the  habit  of  growth  should  be  considered,  espe- 
cially that  of  the  roots,  and  also  the  brief  period  required  to 
complete  crop  growth.  Flax  has  a  delicate,  threadlike  tap- 
root with  a  few  slender  branches ;  its  tendency  is  to  go  down 
rather  than  horizontally ;  the  roots  have  relatively  few  root- 
hairs.  Its  feeding-range  is,  therefore,  much  more  limited 
than  that  of  most  crops,  and  it  is  commonly  described  as  a 
"dainty  feeder."    The  growing  season  is  very  short,  most 
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of  the  plant-food  being  taken  from  the  soil  in  the  first  45 
or  50  days.  This  somewhat  unusual  combination  of  limited 
feeding-range  and  short  period  of  growth  requires  that  the 
plant-food  shall  be  in  immediately  or  quickly  available  forms 
and  well  distributed  through  the  soil  within  reach  of  the 
roots.  Slow-acting  fertilizers  are  not,  therefore,  suit- 
able. The  application  of  fresh  farm  manure  containing  dis- 
eased flax  straw  has  been  shown  to  work  great  injury  to  the 
crop;  when,  however,  such  manure  is  sufficiently  decom- 
posed, the  disease  germs  are  killed.  Large  applications  of 
available  nitrogen  are  thought  to  produce  too  much  wood 
in  straw  and  to  thicken  the  fiber.  On  light  soils,  a  light 
top-dressing  with  nitrogen  and  potassium  at  about  blossom- 
ing time  prolongs  the  period  of  growth  and  is  said  to  result 
in  a  more  pliable,  longer  straw.  Since  it  has  been  the  custom 
in  the  Northwest  to  grow  flax  on  virgin  soils,  the  question  of 
plant-food  application  has  received  slight  attention.  On  used 
soils  nitrogen  can  be  provided,  for  the  most  part,  by  means 
of  farm  manure  and  leguminous  crops  used  one  or  two 
seasons  before  flax  is  grown.  Additional  nitrogen,  if  needed, 
can  be  provided  by  a  top-dressing  of  50  to  75  pounds  of 
sodium  nitrate  to  the  growing  crop.  On  soils  requiring  addi- 
tion of  fertilizer,  an  application  of  200  or  300  pounds  of 
Mixture  No.  4  (p.  562)  is  suggested.  The  soil  must  be  kept 
well  supplied  with  organic  matter,  especially  to  hold  moisture 
and  keep  the  soil  mellow,  in  addition  to  furnishing  nitrogen. 
(4)  Seeding. — Strains  of  seed  that  are  resistant  to  the 
attacks  of  flax-wilt  disease  are  used  as  far  as  possible,  or 
else  seeds  that  are  carefully  treated  with  some  germicide 
such  as  formaldehyde.  The  seed  is  sown  in  spring  as  early 
as  the  work  can  be  done  without  danger  of  injury  to  the 
young  plants  by  frost.  The  greater  amount  of  growth 
during  the  rather  cool,  rapid-growing  months  of  spring  and 
early  summer  tends  to  produce  fiber  of  long  and  fine  type. 
Prolonged,  dry  weather  hardens  the  fiber.  Uniformity  of 
depth  in  planting  is  essential  and  drilling  appears  to  give 
best  results. 
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Peaiiuts.^This  crop  is  now  grown  over  quite  an  ex- 
tended area,  including  the  South  Atlantic  states  and  west- 
ward to  and  including  California.  The  uses  of  the  crop  are 
varied  and  important,  including  use  as  human  food,  as 
stock- food  and  plant- food.  The  plant  belongs  to  the  legumi- 
nous family  and  is  a  vigorous  gatherer  of  atmospheric  nitro- 
gen. The  climatic  conditions  required  are  a  long  season 
without  frost,  a  comparatively  light  rainfall  during  the  grow- 
ing period,  plenty  of  sunshine  and  warmth. 
.  (i)  Crop-rotation  for  peanuts. — ^Among  rotations  used  in 
peanut-growing,  the  following  will  serve  as  illustrations : 

(a)  Two  years:  Cotton,  i ;  com  with  peanuts,  i. 

(b)  Two  years:  Com  with  cowpeas  or  crimscHi  clover, 
I ;  peanuts,  I. 

(c)  Three  years:  Cotton,  i ;  com,  i ;  peanuts,  !• 

(d)  Four  years:  Com  and  cowpeas,  i ;  peanuts,  I ;  cot- 
ton, 2. 

(2)  Soil  and  preparation. — ^The  best  soil  for  the  peanut 
crop  is  a  well-drained,  sandy  loam,  fairly  well  supplied  with 
organic  matter  and  containing  an  abundance  of  calcium  car- 
bonate. Like  most  leguminous  plants,  the  peanut  crop  is 
sensitive  to  acidity.  When  peanuts  are  grown  for  market, 
it  is  desirable  to  use  soils  that  are  light  or  grayish  in  color, 
rather  than  dark  soils  which  may  stain  the  shells.  When 
grown  for  forage  or  green-manure,  larger  crops  are 
usually  obtained  on  soils  containing  considerable  clay  and 
retaining  water  well. 

The  land  is  prepared  as  in  case  of  any  other  leguminous 
crop  (p.  539) ;  it  should  be  moderately  compact,  mellow,  well 
pulverized  and  free  from  weeds. 

(3)  Fertilisers. — Commercial  fertilizers  are  extensively 
used  in  growing  the  peanut  crop.  With  a  good  rotation, 
containing  some  other  leguminous  crop,  and  with  the  appli- 
cation of  farm  manure  to  some  other  crop  in  the  rotation, 
little  or  no  nitrogen  needs  to  be  used.  Mixture  No.  2 
(p.  543),  modified  in  respect  to  its  constituents,  as  shown 
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below,  can  be  used  at  the  rate  of  200  to  400  pounds 
on  soils  in  good  condition : 


Sodium  nitrate 

Cottonseed-meal . . .  • 

Add  phosphate 

potassium  chlorids . . 


100  lbs.  (  15  lbs.  nitrogen) 
350  ••    I  25  •*         ••        ) 

1150"    (160"    avanablephosphoiteacid,«r90ftl»F| 
400"    aOO  "    potash,  or  165  lbs.  K> 


On  soils  well  provided  with  nitrogen  by  farm  manure  or 
green-crop  manure,  a  mixture  of  250  to  500  pounds  an  acre 
may  be  used,  consisting  of  1,200  pounds  of  kainite  and  800 
pounds  of  acid  phosphate,  or  500  pounds  of  potassium 
chloride  and  1,500  pounds  of  acid  phosphate. 

As  in  the  case  of  other  leguminous  crops,  abundance  of 
calcium  carbonate  must  be  kept  in  the  soil.  Applications 
equal  to  2,000  to  4,000  pounds  of  calcium  carbonate  are 
usually  made  once  in  four  or  five  years  (pp.  379-389), 

Table  69. — ^Approximate  Amounts  of  Plant-Food  Con- 
stituents IN  One  Crop 


Crop 


Cotton 


Total 


Tobacco 
Total 


Portkm  of  Crop 


Seed... 

Leaves. 
Stems. 
Burrs.. 
Lint... 


8l 


550 
570 
630 
350 
300 


Leaves 

Stalks ........ 


Sugar-cane 
Total 


Hops 
Total 


Flax 
Total 


Peanuts 
Total 


Stalks,  stripped . 
Leaves  and  tops 


Cones 

Vines  and  leaves 


Seed.. 
Straw 


Peanuts , 

Vines  and  leaves 


1,000 


•••••• 


2^ 


19.3 

12.8 

4.4 

3.5 

0.6 

40.6 


30.000 
20.000 
50.000 


1.600 
4.000 


900 
1.800 


44.0 
15.0 
59.0 


16.2 
25.2 
41.4 


Phosphoric 

Add  (P.O.) 

Pounds 


7.7 
3.3 
1.3 
1.7 
0.3 
14.3 


3.4 
1.5 
0.6 
0.7 
0.1 


P 


6.3  P) 


5.0  <  2.2 
2.7  (  1.2 
7.7  (  3.4  PI 


15.6  (  6.9  P] 

7.0  (3.1  P 

22.6  (10.     P 


27.2 
26.0 
53.2 


39. 
15. 
54. 


1.500  42.9 
6.000  25.2 
.68.1 


I 


17.6  (  7.7  P) 
12.0  (  5.3  P) 
29.6  (13.    P) 


15. 

3 

18 


.  (  6. 
.  (  1. 
.     (  7. 


P 

P 


8 

4 
12.3 


.1  (  3.6  P) 
.2  (  1.8  P) 
J  (  5.4  P) 


P6ta^(K«0!) 
Fbnuds 


UntCCMI 


C47.7  K) 
(17.0  " 


57.5 

20.5  (17.0  K) 

78.0  (64.7  K) 


183  (15.2  K) 
18.0  (14.9  K) 
36.3  (30.1  K) 


24 

54. 

78. 


:l 


20.  K) 
44.8  K) 
64.8  K) 


19     <15.8  K) 

8.    (  6.6  K) 

27.    (22.4  K) 


6.8 
40.0 


r  5.6 

[33.2 


K) 
K) 


1.7  i  1.1  Cat) 

30.3  C21.6  Ca) 
5.0  I  3.6  Caj 
4.0  I  2.9  Caj 
0.3  <  0.2  Caj 

41.3  (29.5  Ca] 


55X1 

9 

64.0 


JO  <39.3 
.0  C  6.4 
.0  (45.7 


Caj 


3 

13 
16 


!2.1 
9.3 
11.4 


Caj 
Caj 


1.5 
41.4 


(  1.0 
(29.3 


Ca 
Ca 


46.8  (38.8  K)  42.9  (30.3  Ca 
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Table  71.  Amounts  of  Nitrogen,  Phosphorus  and 
Potassium  in  Farm  Products,  Feeding  Materials,  By- 
products, ETC. 


Material 


POUNDS  IN  100 


Nitrogen 


Phosphoric 
add  (PsOs) 


Potash 
(K2O) 


Aiax  flakes 

Alfalfa,  green 

"      hay 

Alsike  clover  (see  clover) 

American  poultry  food 

Animal  meal 

Apple: 

Fruit 

Leaves 

New  wood 

Pomace 

Apricot 

Artichoke 

Asparagus,  young  shoots 

"  full-prown  plant, , . 

••  hemes 

Atlas  meal,  distillery  feed 

Balm,  fresh  stems  and  leaves. . 

Barley,  bran 

**        brewere'  grains,  dry. . , 
•*  "  "     wet... 

chaff 

feed 

••        flour 

**        grain 

**        green  forage 

'*        ground 

malt 

**        malt-sprouts 

meal 

*'        middlings 

"         straw 

Bean,  field,  hay 

••     meal 

"     seed 

"     shells 

•*     straw 

Beans,  garden,  beans  and  pods 

"       leaves 

*•       stalks 

Beets,  red,  roots 

"    tops 

**      young  roots  and  tops. . . 
*'      mangolds  or  mangels. . . 

**      sugar 

**      yellow  fodder 

Blackberries,  fruit 

"  leaves 

**  new  wood 

"  old  wood 

Brewers'  grains  (see  barley). 

Buckwheat,  bran 

feed 


5.20 
0.60 
2.45 

2.20 
6.10 

0.05 
1.00 
0.50 
0.20 
0.20 
0.35 
0.35 
0.40 
1.10 
5.50 
0.50 
1.75 
3.50 
0.90 
1.00 
2.30 
1.60 
1.75 
0.40 
1.50 
1.60 
3.75 
1.55 
2.00 
0.60 
3.00 
3.75 
4.00 
1.70 
1.30 
0.25 
0.50 
0.40 
0.25 
0.35 
0.35 
0.15 
0.20 
0.20 
0.22 
1.00 
0.55 
0.27 

2.75 
3.00 


0.70  (0.31  P) 
0.15  (0.07  P) 
0.50  (0.22  P) 

1.20  (0.53  P) 


0.02 
0.15 
0.15 
0.02 
0.05 
0.15 
0.10 
0.12 
0.35 
0.25 
0.20 
0.90 
1.25 
0.30 
0.25 
1.30 
0.85 
0.75 
0.15 
0.65 
0.95 
1.65 
0.65 
1.75 
0.20 
0.65 
1.00 
1.20 
0.30 
0.25 
0.08 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.06 
0.12 
0.15 


P) 
Pj 

P; 

P 

P 

P 

P 

PJ 

P; 

Pj 

p 


[0.01 
0.07 
0.07 

p.oi 

0.02 
0.07 
0.04 
0.05 
0.15 
p.  11 
0.09 
0.40 
0.55 
0.13 
0.11 
0.57 
0.37 
0.33 
0.07 
0.30 
0.42 
0.73 

;o.3o 
;o.77 

0.09 

0.30 

0.44 

0.53 

0.13 

p.  11 

0.03 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04  P 

0.03  P 

0.05  P 

0.07  P 


Pj 
P) 
P) 
P) 
P) 
P) 
P) 
P) 
P) 
Pj 
P) 

P; 

P) 

P) 

P) 

P) 

P 

P 

P; 

P 

P 

P) 

P 

P 


0.03  (0.02  P) 


1.50 
1.60 


(0. 


66  P) 
70  P) 


0.20  (ai7 
0.50  (0.42 
2.10  (1.74  K) 

0.90  (0.75  K) 


0.10 
0.35 
0.25 
0.15 
0.30 
0.45 
0.25 
0.75 
0.85 
0.15 
0.70 
0.85 
0.20 
0.05 
1.00 
0.90 
0.60 
0.50 
0.50 
0.35 
0.45 
1.80 
0.25 
0.70 
1.10 
2.00 
1.50 
1.30 
0.35 
1.90 
0.30 
0.50 
0.55 
0.50 
0.55 
0.65 
035 
0.45 
0.50 
0.23 
0.77 
0.25 
0.15 


p.08  K) 
0.30  K) 
0.21  Kl 
0.12  K) 
0.25  Kl 
0.37  K) 
0.21  K) 
0.62  K) 
0.70  K) 
0.12  K) 
0.58  K) 
0.70  K) 
0.16  K) 
!0.04  K) 
p.83  K) 
0.75  K) 
0.50  K) 
0.42  K) 
0.42  K) 
0.30  K) 
0.37  K) 
1.50  K) 
p.21  K) 
0.58  K) 
:0.91  K) 
1.65  K) 
1.25  K) 
1.10  K) 
p.30  Kl 
1.60  K) 
p.25  K) 
0.40  K) 
0.45  K) 
0.42  K) 
0.45  K) 
0.55  K) 
0.30  K) 
0.37  IKS 
0.42  K) 
0.20  Kl 
0.64  K) 
0.21  K) 
0.12  K] 


1.10  (0.90  K) 
1.00  (0.80  K) 


E     g:--:;:::;:::::::: 

**  uiddlinga 

"         Jftpaiuna,  Bnoa 

ButterinilkV. '...!!'.l''^ 

C*bbag«,  head 

"       etump  snd  outsiil*  kavM. . 

CaultflowM.'hiid'.'. '.!!'. '."'.'.!;""'. 

Celery !^^'.'.'.'.'.'.'.'.V.'.'.'.V.'.'. 

Cbeeae,  whole-miLk 

Qicrry, fruit  pulp.*, •«,.••......,.. 

r}nv»r^  Hlnit*_  gT»*n 

-     red."  KSr-'-"--'""- 

"     wbita,  peea 

Cocoanut  meal 

Com,  bran 

"     broom,  gfeen  lodder 

**     snd  cobmeit 

i;     fodder  wilh  eara 

"     ereen  fora^, , 

"     liafir,  red.  green  fora^ 

"     middling! 

"   f!^ 


OJO 


7i6 


....  (0.08  D 

0.10  (aoB  K 

JO.OSK 

(O.MK 
foOSE 
(0.42  K 
(0.6J  E 
(O.MK 
(l.SSK 


lyfMdim 


J , jrn  products), 

Hops,eDlirai^t.Bdr-dry 

■'      COM  or  fruit,  dry 


tesffe 

L™<,n^cuU^  Ca 

0.08  (0.03  P) 

1.7S  (0.77  P) 
l.a5<0.MF) 


0.30  (0.13  F 
0.S5  (0.24  P 

o.fio  (o.^ti  P 

O.SO  (0.12  P 


fa.  3  3  K) 

a  (O.SO  £ 
S(0.13K 

O  (0.50  K) 

3  Si!  I 

0.55  (0.45  E> 
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Material 


POUNDS  IN  100 


Nitrogen 


T 


Phosphoric 
acid  (P2O6) 


Potash 
(KjO) 


Oat  products: 

Monarch  oat  chop 

Royal  oat  feed , 

Vim  oat  feed , 

"X"  oat  feed 

Oats  and  vetch,  green  fodder 

"    hay 

Oats,  bran 

"     chaff 

"    chop 

"     grain 

"    green  fodder 

*'     ground 

"    hay 

"    hulls 

'*    middlings 

*'    straw 

"    and  peas,  green  fodder 

•     hay 

"       ••    seeds 

"      "    straw 

Olives,  pomace 

"       refuse 

Onions,  bulb 

top 

Oranges,  California 

"       cuUs 

"      Florida 

Orchard  grass,  green  fodder. 

'•    hay 

Parsnips,  root 

top 

Pasture  grass 

Peaches,  fruit  pulp 

"      stones 

•*      leaves 

•'      new  wood 

Peanuts,  meal  cake 

feed 

shells 

**        m^al  and  shells. . . . 
'*        seeds  or  kernels ... 

Pears,  fruit 

"      leaves 

*•      wood 

Peas,  field,  green  forage 

"    hay 

"    meal 

•*    middlings 

"    seeds 

"    straw 

••     garden,  green , 

"      leaves 

•*      pods 

"      vines . . 

Peppermint,  garden 

wild 

Plums,  fruit  pulp , 


1.40 
1.40 
1.10 
1.20 
0.30 
2.00 
1.35 
0.75 
1.35 
2.00 
0.60 
1.85 
1.50 
0.55 
2.40 
0.60 
0.35 
1.65 
2.70 
0.75 
1.00 
1.22 
0.23 
0.30 
0.18 
0.20 
0.12 
0.45 
1.20 
0.22 
0.42 
0.90 
0.08 
0.27 
0.90 
0.43 
7.50 
1.40 
0.80 
1.15 
3.60 
0.05 
0.70 
0.30 
0.50 
2.00 
3.00 
3.75 
3.75 
1.40 
1.15 
0.55 
0.25 
0.25 
0  35 
0.45 
0.12 


0.65 
0.50 
0.55 
0.60 
0.15 
0.60 
0.20 
0.15 
0.65 
0.80 
0.15 
0.75 
0.65 
0.25 
1.35 
0.20 
0.15 
0.60 
1.00 
0.40 
0.14 
0.18 
0.09 
0.06 
0.05 
0.13 
0.07 
0.15 
0.35 
0.20 
0.15 
0.25 
0.04 
0.07 
0.15 
0.10 
1.30 
0.25 
0.15 
0.15 
0.70 
0.02 
0.12 
0.10 
0.15 
0.40 
0.80 
0.65 
0.80 
0.35 
0.30 
0.07 
0.05 
0.05 
0.20 
0.17 
0.05 


(0.30 
(0.22 
(0.24 

0.26 

0.07 

0.26 

0.09 

0.07 

0.30 

0.35 

0,07 
(0.33 
(0.30 
(0.11 

0.60 

0.09 

0.07 

0.26 
(0.44 
(0.18 
(0.06 
(0.08 

0.04 

0.03 

0.02 
(0.06 

0.03 

0.07 

0.15 

0.09 

0.07 

0.11 

0.02 

0.03 

0.07 

0.04 

0.55 

0.11 

0.07 

0.07 
(0.31 

0.01 

0.05 

0.04 

0.07 

0.18 

0.35 

0.30  P) 

0.35  P^ 

0.15 

0.13 

0.03 

0.02 

0.02 

0.09 

0.07 

0.02 


P) 
P) 

P) 
P) 
P) 
P) 

P) 
P) 
P; 
P) 
P) 
P; 
P) 
P) 
P) 
P) 
n 
P) 
P) 
P) 
P) 
Pj 
P; 
P) 
P) 
P) 
P? 
P; 
P) 
P) 

P) 
P) 
P) 
P) 
P) 
P) 

P) 
P) 
P) 
P; 
p) 
P) 
P; 
pj 


p) 
P; 
P) 
n 
P) 
P 
P) 
P] 


0.45 

0.70 
0.70 
0.75 
0.30 
1.25 
0.70 
0.45 
0.70 
0.60 
0.45 
0.60 
2.20 
0.50 
1.10 
1.25 
0.50 
1.80 
0.90 
3.20 
0.26 
0.32 
0.22 
0.55 
0.21 
0.21 
0.48 
0.55 
1.75 
0.65 
0.10 
0.75 
0.20 
0.08 
0.60 
0.22 
1.50 
0.80 
0.50 
0.60 
0.45 
0.10 
0.40 
0.25 
0.50 
1.00 
1.00 
0.75 
1.00 
1.00 
0.45 
O.SO 
0.20 
0.70 
0.65 
0.55 
0.20 


;o.37  K) 
0.58  ~ 
0.58  K) 
0.62 
:0.25  K) 
1.05  K) 
fO.58  K) 
0.37 
0.58 
0.50 
0.37 
0.50 
1.80  K) 
0.42  K) 
:0.90  K) 
;i.OS  K) 
0.42  K] 
1.50 
0.75  K) 
2.65  K) 
0.22  K) 
0.27  ■' 
0.18 
0.45  K) 
0.17 
0.17 
0.40 
0.45 
1.45  K) 
0.54 
0.08 
0.62 
0.17 
0.07 
0.50 
[0.18 
1.25 
[0.66 
0.42 
0.50 
0.37 
0.08  Kl 
0.33 
0.20  K) 
0.42  K) 
0.83  K] 
0.83  K) 
*0.62  K> 
0.83 
0.83  K) 
0.37  K) 
:0.42  K5 
0.17 
0.58 
0.54 
0.45 
a  17 


Priclily  cotalrey  . . 


D7P 

SI 

MP 


0.26  (C  22  K 
9^1  k  47  K 
OAS  k  IT  H 


Red  top  b&y.  ■ 
Rhubarb,  Ixan 

Rice  "™ 


Rne V.' 

RuUbwu.... 
R^«.bTBn 


feed... 


EST'? 


■"■C^v. 


I  hay..., 
!k.  W... 


(C82Kt 

oJ|  k  30  k{ 

[COSK) 

[lOOK 

6 JO  fc  42  K 
O.IZ  (C  10  K 
0.6S  »  5i  K 
0.50  (C  41  K 
l^jlOSK 


37  P 
MP) 

iii 

UP 

MP 

III 
ME 


[)2P 
MP 
MP 
MPi 


]«3K) 

:  70  Ki 

:9SK) 

.__    lOOK) 
.10  0  W  KJ 
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Sorghiun,  green  fodder. 


Sov  beans,  green. 


•« 
«« 


••     straw 

Spanish  moss 

Sphagnum  moss 

Spinach 

Strawberries,  fruit 

••        ^huUs 

Street  sweepingg 

Socrene  dairy  feed 

Sugar-beet  feed ,  dry 

**  pulp,  fresh 

Sugar  beets  (see  beets) . 

Sugar  cane 

Sunflower  seed 

Sweet  clover  (see  clover). 

Sweet  com  (see  com). 

Tall  meadow  oat  grass,  hay. . . . 

Tansy,  garden 

Tarragon 

Teosintegrass 

Thyme,  French 

Timothy,  green 

"       hay 

Tobacco,  leaves 

"       stalks 

••       stems 

Tomatoes,  fruit 

"  *■      leaves 

stalks 

Turnips,  root 

•*      top 

"      rutabagas 

Velvet  bean,  green 

Vetch,  hairy,  green 

•*      hay 

••      seed 

••      straw 

**      and  oats  (see  oats). 

•*      kidney,  green 

**      sand,  green 

"      spring,  green 

Watermelons,  fruit 

'*  vines  and  leaves. 

Wheat,  bran 

chaff 

feed 

flour 

grain 

middlings 

shorts 

**      straw 

Whey 

Winter  savory 

Wormwood 


POUNDS  IN  100 


NtoQ06B 


OSO 
0.30 
1.50 
0.50 
2.30 
5.30 
0.90 
0.60 
0.64 
0.50 
0.15 
0.30 
0.38 
3.10 
1.30 
0.20 

0.20 
2.25 


1.15 
0.50 
0.55 
0.35 
0.40 
0.50 
1.25 
4.00 
3.70 
2.50 
0.20 
0.35 
0.35 
0.25 
0.40 
0.20 
0.55 
0.50 
2.80 
3.70 
1.00 

0.45 
0.55 
0.35 
0.17 
0.50 
2.65 
0.75 
2.70 
2.00 
2.00 
2.50 
2.80 
0.50 
0.12 
0.55 
0.70 


FbotpaoriB 


PoUtth 
(KsQ> 


OSS 
0.12 
0.80 

ai5 

0.70 
1.80 
0.30 
0.10 
0.10 
0.15 
0.06 
0.09 
0.40 
0.60 
0.25 
0.30 


UlS 

raos 

tO.35 
[0.07 
0.31 
0.80 
0.13 
0.04 
0.04 
0.07 
0.03 
0.04 
0.18 
0.26 
0.11 

ai3 


P) 
P) 


0.10  (0.04  P) 
1.25  (0.55  P) 


0.30  <0.13  P) 
0.15  (0.07  P) 
0.15  (0.07  P) 
0.10  (0.04  P) 
0.15  (0.07  P) 
0.25  (0.11  P) 
0.55  (0.24  P) 
0.50  (0.22  P) 
0.65  (0.32  P) 
0.90  (0.40  P) 
0.07  (0.03  P) 
0.10  (0.04  P) 
0.10  (0.04  P) 
0.10  (0.04  P) 
[0.05  P) 
(0.05  P) 
[0.07  P) 
0.04  P) 
C0.33  P) 


0.12 
0.12 
0.15 
0.10 
0.75 
1.40 


0.60  P) 


0.25  (an  P) 


0.10  (0 

0.15  (0 

0.10 

0.06 

0.07 

2.90 

0.80 

2.00 

0.60 

0.85 

1.35 

1.35 

0.15 

0.30 

0.20 

0.22 


04 
07 
04 
.03 
03 
28 
,35 
88 
26 
.37 
.60 
,60 
.07 
,13 
.09 


P) 
P) 
P) 
P) 
P) 
P) 
P) 
P) 
P) 

P) 

P) 
P) 
P) 
Pi 


0.20 
0.30 
0.48 
OjOO 
1.10 
2.00 
0.75 
0.55 
0.26 
0.25 
0.25 
0.40 
OJO 
0.25 
0.60 
0.10 


(air 

[0.25 
(0.37 
0.50 
0.90 
1.65 
0.62 
0.46 
0.22 
0.21 
0.21 
0.33 
0.25 
0.21 
0.50 
La08K) 


0.45  (0.37 
a75  (0.62 


1.70 
0.75 
0.7S 
0.25 
0.65 
0.75 
1.00 
6.00 
4.50 
7.00 
0.35 
0.40 
0.50 
0.45 
0.55 
0.50 
0.55 
0.45 
2.30 
0.85 


;i.40 

0.62  K) 

0.62 

0.21  K) 

0.5S  K] 

0.62  K) 

0.83 

5.00 

3.70 

5.80 

0.30 

0.33  K) 

0.42 

[0.37 

[0.46  K) 

0.42 

0.46 

0.37  K) 

2.00 

a71 


a65  (0.54  K) 
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INDEX 
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A 

^bsoiiients,  use  of 316 

Acetyleii»-ffas  waste 366 

Acid,  htmuc 127 

Acid  phosphate 271 

availability  of 433 

cost  of  phosphorus  in. 447 

with  farm  manure 319 

Acid,  pho^horic,  see  Phosphoric 

Acid  reaction 27 

Acid  salts 35 

Acid  soils*  ammonia  test  for 144 

Acid  soils,  litmus  test  for. 142 

Add  sulpnurous,  to  keep  manure. .  320 

Acidity  fa  soils 140 

Acidity  In  soils,  testing  for 142 

Acids  and  alkalis,  action  of 27 

Acids,  chemical  action  of ; . . .     26 

Acids  in  decomposing  organic  matter  125 

Acids  fa  plants 19 

Acids,  names  and  symbols  of 32 

Adsorption  of  plant-foods  fa  so* is..  ^84 

Air-derived  elements 16 

Air-slaked  lime 368 

Alfalfa  crop,  composition  of 556 

Alfalfa,  managi^meni  ot 547 

Alkali  base,  meaning  of 29 

Alkali,  meaning  c^ 29 

Alkaline  earths 30 

Alkaline  reaction 27 

Alkalis  and  acids,  action  of 26 

Alsike  clover  crop,  composition  of. .  556 

Alsike  clover,  management  of 545 

AltmiinvLm,  combining  weight   and 

symbol  of 23 

Aluminum  compounds  in  soils 112 

Aluminum  phosphate 49 

Ammonia,  availability  of 428 

Ammonia,  cost  of  nitrogen  fa 446 

Ammonia  in  air 39 

Ammonia  in  farm  manure 308 

Ammonia  in  fertilizer  guarantees...  452 

Ammonia,  loss  of  fa  soils 182,  186 

Ammonia,  nitrogen  in 39 

Ammonia  test  for  acid  soils 144 

Ammonification.  process  of 203 

Ammonium  carbonate. 42,  308 

Ammonium  nitrate 41 .  251 

Ammonium  nitrate,  availability  of  429 
Ammonium  nitrate,  effects  on  soils  439 
Ammonium  nitrate  for  keeping  cut 

flowers 668 

Ammonium  sulphate. 41,  246 

Ammonium  sulphate,  effects  on  soils  439 
Analysisof  soils,  information  from..  408 

Apatite,  phosrhorus  in. 264 

Apple  crop,  composition  oi 694 

Apples,  fcatTuzerB  for 682 

Apple  trees  composition  ot, 668 


Apricots,  fertniaera  for 684 

Ashes,  Canada 283 

Ashes,  coal 393 

Ashes,  cottonseed-hull 284 

Ashes,  wood 283 

Asparagus  crop,  composition  of . . . .  637 

Asparagus,  fertilizers  for 620 

Assimilation  of  carbon  by  plants. .  163 

Atmospheric  nitrc^n 38 

Availability,  defimtion  of Y 

Availability  of  ammonia ^8 

Availability  of  ammonium  niteate.  •  429 

Availability  of  cyanamid 429 

Availability  of  mtrates 427 

Availability  of  nitrogenous  materials 

compcured 432 

Availability  of  organic  nitrogea....  429 
Availability    of    phosphorus    oooft* 

pounds 433 

Availability  of  potassiton  oompouuds  436 

B 

BacteriPi  aerobic 199 

Bacteria,  anaerobic 199 

Bacteria  and  faorganic  compowids. .  228 

Bacteria  and  legumes 218 

Bacteria  and  root-nodules. 216 

Bacteria  and  soil  orjp^anic  matter. .  198 

Bacteria  causing  nitrification 206 

Bacteria,  characteristics  of 190 

Bacteria,  conditions  affecting  growth 

^     of 193 

Bacteria,  effects  produced  by 192 

Bacteria  in  farm  manure 329 

Bacteria  in  soil 196 

Bacteria,  products  of  action...  192,  19S 

Barley  and  peas 592 

Barley  as  a  nurse-crop 592 

Barley  as  green-forage 591 

Barley  crop,  composition  df 597 

Barley,  crop-rotations  for 590 

Bar]'-y,  fertilizers  for. 591 

BanrF*  soil  for 590 

Barnyard  manure.    See  Farm  manure. 

Base,  meaning  of 29 

Bases,  chemical  action  of 26 

Bases,  names  and  symbols  of 29 

Basic  compounds  and  soil  acidity. .  140 
Basic  compounds,  effects  of,  fa  soils  141 

Basic-«lag  phosphate 275 

Basic-slag  phosphate,  availability  of,  436 
Basic-slag  phosphate,  cost  of  phos- 
phorus fa. 447 

Beans,  field,  composition  oKf  crop. .  637 

Beans,  field,  fertilizers  for 624 

Beans,  garden,  fertilizers  for 623 

Beans,  string,  composition  of  crop. .  637 

Beans,  velvet,  management  of 554 

Beans,  velvet,  nitrogen  in 5M 
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Bedding  In  fttfm  mannra 301 

Boots,  ooiiu]ion«  compositiioa  of  oroi>,  613 

Beets,  cxop-zotations  for 606 

Beets,  early  garden. 607 

Beets,  fertilizers  for. 607 

Beets,  garden,  compositioQ  of  crop.  •  637 

Beets  grown  for  cattle-food 608 

Beets,  mangels,  compooition  of  crop  613 

Beets,  soil  for 606 

Beets,  sugar,  fertilixers  for 609 

Bergkieserito 283 

Blackberry  crop,  composition  cf...  694 
Blackberries,  f ertilisen  for 687 

Blood,  dried 254 

Blood,  dried,  availability  of 430 

Blood,  cost  of  nitrogen  In 446 

Bokhara  clover 546 

Bone,  addulatod 274 

Bone-ash 270 

Bone,  availability  of 430,  435 

Bone-black 270 

Bone,  composition  of. 266 

Bone,  cost  of  nitrogen  In.. 447 

Bone,  cost  of  phosphorus  In 447 

Bone,  dissolved 274 

Bone-dust 267 

Bone-flour 267 

Bone-meal 267 

Bone,  raw 267 

Bone,  steamed 267 

Bone-tankage 269 

BnUkSels  sprouts 628 

Buckwheat  as  groen-crop  manure. .  594 

Buckwheat  crop,  composition  of . . .  597 

Buckwheat,  crop-rotations  for 593 

Buckwheat,  fertilisers  for 593 

Buckwheat,  soils  for 593 

Burnt  lime 365 

By-products,  oompoeitiiao  oif 714 

C 

Cabbage  crop,  composition  of. .....  637 

Cabbage,  crop-rotationa  for 625 

Cabbage,  fertilizers  for 626 

Cabbage,  soils  for 626 

Caldtmi,  action  in  plants 76 

Calcitun  carbide  waste 366 

Calcium  carbonate 53,  369 

Calcium,  combining  weight  and  sym* 

bol  of 23 

Calcium  compounds,  amount  to  use,  382 
Calcium  compounds  and  leguminous 

crops 538 

Calcium  compounds  as  indirect  fer> 

tiUzers 363 

Calcium  compounds,  classification  of  389 
Calcium  compounds,  comparison  of  370 
Calcium  compounds,  composition  of  364 

Caldum  compounds,  cost-  of 385 

Calcium  compounds,  effects  in  soils  373 
Calcium  compounds,  forms  to  use  384 
Calcium  compounds,  how  to  apply.  388 

Calcium  compounds  in  soils 106 

Calcium  compounds,  mistakes  about,  519 
Cakiiim,  compounds  of 52 


Calcfam  oompoonds,  asinfaffity  of..  372 
Calcium  compounds,  when  to  use. .  383 
Calcium,  distribution  In  plants. ...  77 
Caldtmi  hydroxide,  composition,  54,  367 

Caldum  nitrate 41,  249 

Caldum  nitrate,  effect  on  sods  . . .  439 

Caldum  oxide,  composition 53,  365 

Caldum  phosphate.  Insoluble,  avail- 
ability of. 434 

Caldum  phosphate,  reverted,  avail- 

abiUty  of. 433 

Caldum  phosphate,  soluble,  avail- 

abiUtyof 433 

Caldum  phosphates 45 

Caldum,  source  of..... 52 

Caldum  sulphate 55,  370 

Caldum  sulphate,  effects  on  soils ..  •  377 

Caldum  sulphate,  hydratod 370 

Caldum  cyanamid 42,  247 

Cantaloupes,  fertilisers  for 630 

Capillary  water  in  soils 150 

Carbohydrates  In  plants...........     19 

Carbon,  action  in  plants 86 

Carbon,  assimilation  of 163 

Carbon,  combining  wd|^  aaid  sym* 

bol  of 23 

Carbon,  compounds  of 60 

Carbon  dioxide 60 

Carbon,  source 60 

Carbon,  use  of,  by  pUuxts 162 

Carbonate  of  ammonia 42,  308 

Carbonate  of  lime  (caldum).. ..53.  369 

Carbonate  of  potassium 51 

Carbonate  of  sodium 59 

Carbonates,  basic  power  of 30 

Carbonic  add  gas 60 

Camallite 281 

Carnations  under  glass,  felilisers  for  653 

Carrots,  composition  of  crop 613 

Carrots,  fertilizers  for 612 

Castor-bean  pomace 253 

Castor-pomace,  availability  <^ 430 

Cattle  manure,  commetdal,  dried. .  258 

Cauliflower 628 

Cauliflower  crop,  composition  of. . .  637 

Caustic  Ume 365 

Cdery  crop,  composition  of 637 

Cdery,  fertilizers  for 629 

Cereal  crops..... 574 

Cereal  crops,  fertilidng  value  ai..,  597 
Cbonical  compounds,  classes  of,  in 

plants 18 

Chemical       elements,       combining 

wdghts  of 23 

Chemical  dements  in  plants.. 15 

Chemical  elements,  symbols  of 23 

Cherry  crop,  composition  of. 694 

fertilizers  for....:... 684 

Chili  saltpeter 244 

Chloride  of  potassium 51,  279 

Chloride  of  sodium 58,  391 

Chlorine,  action  in  plants 83 

Chlorice,  combining  wdght  and  sym* 

bol  of 23 

Chlorine,  compounds  of 5S 

Chlorine,  source  of 58 

Chlorophyl  in  plants 163 
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Page 
Chrysanthemnxns,  fertilizen  for....  656 

Citrus  fruits,  fertilizers  for 685 

Clay,  properties  of 96 

Clay  soils,  plant-food  needs  of 413 

Clay  soils,  properties  of 99 

Cl&y  texture 95 

clover,  alsike,  management  of.....  545 

Clover,  Bokhara 546 

Clover,  crimson,  management  of...  546 

Clover,  crimson,  nitrogen  in 547 

Clover,  manmioth  red,  management 

of 545 

Clover,  red,  as  green-crop  manure. .  543 
Clover,  red,  for  meadows,  pastures, 

etc 544 

Clover,  red,  management  of 544 

Clover,  red,  nitrogen  in 544 

Clover,  sweet,  management  of 546 

Clover,  white,  management  of 545 

Combining  pro{>ortions  of  elements  23 
Commercial  fertilizers,  advantages  of 

using 473 

Commercial  fertilizers,  disadvantcMses  474 
Commercial  fertilizers,  facts  about. .  449 
Commercial  fertilizers,  reliability  of  475 
Commercial  valuation  and  agricultu- 
ral value ; 468 

Commercial  valuation  aild  retail  cost  464 
Commercial  valuation,  how  to  make  464 
Convnercial  valuation  of  fertilizers  464 

Commercial  valuations,  use  of 469 

Composition  of  farm  crops 714 

Composition  of  fertilizing  materials 

tabulated 711 

Composting 325 

Compounds,  simple  and  complex. . .     36 

Com  as  green-forage  crop 579 

Com  crop,  comiXDsition  of ........ .  597 

Com,  crop-rotations  for 575 

Corn,  fertilizers  for 576 

Com,  planting,  cultivation,  etc 579 

Com,  pop,  management  c^ 581 

Com,  silage,  fertilizer  for 580 

Com,  soil  and  preparation 576 

Com,  sweet,  composition  of  crop..  637 

Com,  sweet,  iertiUzers  tor 631 

Cost  of  nitrogen  in  plant-food  mate- 
rials    446 

Cotton  crop,  composition  of 710 

Cotton,  crop-rotations,  for. .........  696 

Cotton,  fertilizers  for, 696 

Cotton,  soils  tor 696 

Cottonseed-meal 253 

Cottonseed-meal,  availability  ot....  430 

Cover-crops  for  orchards. 680 

Cover-crop,  millet  for 595 

Cover-crops,  tffmips  for 612 

Cow  manure,  composition  of 291 

Cowpea  crop,  composition  oi 556 

CowpesL  crop,  management  of 550 

Cowpea  crop,  nitrogen  in 553 

Crimson  clover  crop,  composition  of  556 
Crimson  clover,  management  ot. ..  546 

Crimson  clover,  nitrogen  in 547 

Crop  production,  factors  in 399 

Crop-rctation,  cTTect  on  yield 504 


Psn 

Crop-rotation,  general  prlndplet  at  505 

Crop-rotation,  reasons  for 49^ 

Crop-rotations,  examples  of 507 

Crop-rotation    systems,    conditioOB 

affecting 506 

Crop-rotation  systems,  essentials  of  505 
Cxop-rotation  systems,  order  of  crops 

in 506 

Crops,  appearance  ci,  showing  aeeds  41 1 

Crops,  cereal 574 

CroiM,  feeding-power  of 172 

Crops,  ^^een-torage 574 

Crops,  indicating  need  of  nitrogen. .  411 
Crops,  indicating  need  of  phosphorus  412 
Crops,  indicating  need  or  potasduln  413 

Crops,  leguminous 536 

Crops,  order  of,  in  rotation  system. .  506 

Crops,  plant-food  formulas  for 528 

Crops,  relation  of  soil  fungi  to. . . .  230 
Crops,  relation  of  soil  protosoa  to. .  231 
Crops,  removal  of  plant-foods  by..  175 

Crops,  rotation  of 496 

Crops  used  for  green  manure......  353 

Crumb  structure  of  soils. 101 

Cucumber  crop,  compositiosi  of .  • . .  637 

Cucumbers,  fertilisers  for 629 

Cultivation 155 

Currant  crop,  compodtkxi  of 694 

Currants,  fertilizers  for 688 

Cyanamid 42t  247 

Cyanamid,  availability  of 429 

Cyanamid,  cost  of  nltroaen  !n.«...  446 
Cyanamid- effects  on  aoui 446 

Decay,  process  of 20( 

Decomposition  of  manure,  oottbol  of  320 

Decomposition,  process  of 198 

Denitrification,   process  of 21(1 

Di-calcium  phosphate,  availabflity  of  433 

Dissolved  bone 274 

Double  potash-manure  salts 280 

Drainage 156 

Dried  blood,  availability  of 430 

Driers,  use  of,  in  fertikseis 480 

S 

Earth's  crust,  compoeitian  of 10a 

Eggplant,  crop  composition  of  ... .  637 

Eggplant,  fertilizers  tor 637 

Elements,  air-derived 16 

Elements,  air-derived,  proportions  in 

plants ,     17 

Elements,  combining  weights  of . . .  23 
Elements  in  compounds,  calculating 

percentage  ot 25 

Elements,  mineral 16 

Elements,    mineral,    proportions  le 

plants Iff 

Elements  of  plants 13 

Elements,   relative  agricultural  im- 
portance of 21 

Elements,  soil-derived ,     16 

Elements,  symbols  of ...     23 

Excrements,  amounts  profhioed. ...  203 


GicrcmenU,  decompoiitlai  t£ 

EicremenU,  effect  ef  food  oo 

Bicramenl*.  freth,  compodtkni  d. . 
Bicrementa,  plent-food  valna  cf . .  ■ 


PertjliUTt,  brand-tiBJTMi  of  ....... .  462 

Fortiliien,  chemical.....,.^ .,.-,,,  440 

PenUiieis.  conmieiclal,  fact*  about  449 
Pertiliieri.  commercial  valuatloa  cf  464 


pann  masure,  annual  value  per  an 

1 

Pann  manure  as  plant-food 

Fann  roaaare.  bedding  In 

i 

I^rtilixen,  condicioa  of  e^ctiva  tae 

e# 397 

FertHiiers,  co-opetative  puichaia  d  490 

FertiHwra,  direct 239 

Pertiliien,  effects  upon  kBs 437 

Fertiliwn,  efScioncy  o( 513 

PertilizeTK,  blab-grade- .,,.,  4U> 

Feniliien,  bome^nixed 47& 

PotUliera,  incomplete Iti.  449 


Farm  manure,  decompowd.  lua  of..  338      PertiUcen, 
1. ■■ :.:—  >-  ajr  314      Perttlizen, 


Farm  mamue.  decompodtioo  of-. 
1,  diwibution  of... 


Pann  manon.  uie  cf  floats  wit. .., 

Farm  manure,  use  of  gypsum  with  317 
Pun)  maouiB,  UH  of  kaiiute  witb  3tS 
Pane  manure,  use  of  land-plaater 


Fenilii 


FETtiiizer  materials,  dryness  and  f 

FertiHicr  plots,  eiperimental  w 

Fertilizers,  adaptation  to  cropa. 
Pertillim.  nniDunts  cJ  nlant-food 


culstioi 


apphing  ti 


PerUliters.  low-ende ',.  4M 

"- -letboda  of  apfjiinf...  530 

,  _udeadina  names  of....  463 

Pertlllsen,  rdation  at  hmaat  ta...  139 


iMbaUoaol..  5M 


Pertnisers,  when  needed 406 

PertiUiiDg  matsrials,  daislficBtkai  of  23S 
Pertilinng  matedalt,  compoaitkia  cf  71 1 


tiBiere  for... 
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Flowen,  cut,  care  of ,  668 

Flowers,  cut,  use  of  ammonium  ni- 
trate with 668 

Food  and  excrements  oi  ttnimals...  297 
Food,     digestibility    and    fertilizer 

value 300 

Forcing-house  crops,  fertilizers  for. .  647 

Fordng-houae  croiw,  soils  for 640 

Formulas  for  different  crops 528 

Formulas  for  fertilizers,  limitations  of  526 

Fruit  crops 669 

Fruit  crops,  fertilizers  for 676 

Fruit  cropsj  fertilizing  constituents  in  694 

Fruit,  quality  of,  and  plant-feeding .  676 

Fungi,  relation  of,  to  soils  and  crops  230 

G 

Garbage-tankage 257 

Garden-beans,  fertilizers  for 623 

Garden  crops,  fertilizers  for 618 

Garden  crops,  fertilizing  constituents 

in 637 

Garden  crops,  general  characteristics  614 

Garden  crops,  soil  for 617 

Garden-peas,  fertilizers  for 624 

Gas-Ume 366 

German  potash  mines 278 

Gooseberry  crop,  composition  of...  694 

Gooseberry  crop,  fertilizers  for 689 

Grape  crop,  composition  of 694 

Grape  crop,  fertilizers  for 687 

Grass  crops,  composition  of 573 

Grass,  fertilizer  for  seeding 561 

Grass,  Kentucky  blue.. 565 

Grass,  orchard 565 

Grass,  i)erennial  rye 565 

Grass,  red  fescue 565 

Grass,  red-top 565 

Grass,  Rhode  Island  bent 565 

Grass,  tall  meadow  fescue 565 

Grass,  timothy 564 

Grass  seeds,  mixture  for  lawns. . . .  573 

Grass  seeds,  mixtures  for  meadows  564 

Grass  seeds,  mixtures  for  pastures. .  567 
Green-crop  manure,  availability  df  431 

Green-crop  manure,  buckwheat  as. .  594 

Green-crop  manure,  efifects  of 348 

Green-crop  manure,  rye  as 587 

Green  crop  manures 348 

Green-crop  manures,  use  of 354 

Green-forage  crop,  com  as 579 

Green-forage  crop,  oats  as 589 

Green-forage  crop,  rye  as... 586 

Green-forage  crop,  wheat  as 584 

Green-forage  crops 574 

Green-forage  crops,  oats  and  peas  as  589 

Greenhouse  crops 638 

Greenhouse  crops,  fertilizers  for. . . .  647 
Greenhouse  crops,  plant-food  mate- 
rials for. 645 

Greenhouse  crops,  soils  for 640 

Green-manure,  crops  used  for......  353 

Guanos,  nitrogenous 258 

Guano  phosphates 265 

Guarantee-analysis,  best  form  of . .  458 


Guarantee-analyala,  faulty  focmt  of  451 
Guarantee-analysis,  how  to  nse..««  457 
Guarantee-analysis,  meaning  of  ••••  450 
Guarantee-analysis,  simple  form. . .  451 

Gypsum 55»  370 

Gypsum,  effects  on  soils 377 

Gypsum  with  farm  manure 317 

H 

Hair,  availabiUty  of 431 

Hair,  nitrogen  in 259 

Harrowing 155 

Hen  manure,  composition  of 291 

Home  mixtures,  how  to  calculate  . .  491 

Home-mixed  fertilizers 476 

Home-mixing,  advantages  and  dis- 
advantages  487 

Home-mixing,  how  to  find  amounts 

of  materials  to  use 491 

Home-mixing,  materials  not  to  mix 

together. 484 

Home-mixing,  mistakes  to  be  avoided  484 

Hoof-meal 257 

Hoof-meal,  availability  of 430 

Hop  crop,  composition  of 710 

Hops,  fertilizers  for 704 

Horn-meal 257 

Horn-meal,  availability  of 430 

Horse  manure,  composition  of. ... .  291 

House  plants,  fertilizers  for 666 

Humic  acid,  test  for 127 

Humus,  mild 123 

Humus,  relation  to  fertilizers 139 

Hydrated  calcium '  sulphate. 370 

Hydrated  lime 367 

Hydrogen,  action  in  plants 88 

Hydrogen,  weight  and  symbol  of  . . .     23 

Hydrogen,  compounds  of 62 

Hydrogen,  source  of 62 

Hygroscopic  water  in  soUs 150 


Inoculation  of  soil  and  fertilizers. .  520 

Inoculation  of  soil  for  legumes 223 

Inorganic  compounds  and  bacteria. .  228 

Iron,  action  in  plants 81 

Iron,  combining  weight  and  symbol     23 

Iron  compounds  in  soils Ill 

Iron,  compounds  of 58 

Iron,  distribution  in  plants 82 

Iron  hydroxide 58 

Iron  oxide 58 

Iron  phosphate 49 

Iron,  source  di 58 

Iron  sulphate 57 

Irrigation 159 


Japanese  peas,  management  of 5S3 


Kainite 281 

Kainite,  cost  of  potassium  in 448 

Kainite  used  with  farm  manure...  318 
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Fig* 

Kentucky  Mmiflnwi 565 

Kentucky  blue-fl^Ms  hay  crop,  ocmi- 

poaitaon  o£ 573 

Kieserite 283 

Knigite 283 

L 

Land-plaster 55,  370 

Land-plaster,  eflfects  cm  soils 377 

Land-plaster  with  farm  mantire....  317 
Lawns,  care  and  fertiltsataoa  of. . .  570 

Lawns,  fertilizers  for 569 

Lawns,  grasses  for 572 

Lawns,  management  of 567 

LAwns,  soil  for • . .  568 

Leaching,  loss  of  plant-food  by....   177 

Leaching,  loss  of  ttrine  by 305 

Leaching,  inotection  of  manure  from  322 

Leaf-mold 123 

Leather,  availability  of 431 

Leather-meal 259 

Leather,  nitrogen  in 259 

Legumes  and  bacteria 218 

L^umes,  soil  inoculation  for. .....  223 

Leguminous  crops 536 

Leguminous  crops,  agricultural  vari- 
eties of 537 

Legimiinous  crops  and  calcium  com- 
pounds   538 

Leguminous   crops  and   lime  com- 
pounds   538 

Leguminous  crops  and  organic  mat- 
ter  538 

Leguminous  crops,  different  uses  of  537 
Legtuninous  crops,  fertilisers  for. . .  541 
Leguminous  crops,  plant-foods  in . .  556 
Leguminous  crops,  relation  to  nitro- 
gen   536 

Leguminous  crops,  relation  to  subsoil  536 
Leguminous  croJM,  soil  conditions  for  538 
Leguminous  crops,  soil  preparation 

for 539 

Leguminous    crops,    table    of    data 

about 540 

Lettuce  crop,  composition  of 637 

Lettuce,  fertilizers  for 632 

Lettuce  under  glass,  fertilizers  for. .  657 

Lime,  action  in  plants 76 

Lime,  airnslaked 368 

Lime,  burnt 53,  365 

Lime  carbonate 53,  369 

Lime,  caustic 53,  365 

Lime,  cost  of 384 

Lime,  composition. 364 

Lime  compounds 52 

Lime  compounds,  amount  to  use. .  382 
Lime   compounds    and    leguminous 

crops 538 

Lime  compounds  as  indirect  fertil- 
izers   363 

Lime  compounds,  calcium  in 370 

Lime  compounds,  classification  of..  389 
Lime  compounds,  effects  in  soils...  373 

Litne  compounds,  fineness  of 387 

Lime  compounds,  mistakes  about . .  519 
Lime  ccmpounds,  solubility  of 373 


Lime  compounds,  when  needed. . . .  i30 

Lime,  distribution  in  plants 77 

Lime,  forms  to  use 384 

Lime,  gas 366 

Lime,  now  to  apply 388 

Lime,  hydrated 367 

Lime  in  coral  rock 369 

Lime  in  shells 369 

Lime,  lump 365 

Lime,  magnesian 366 

Lime,  meaning  of  term.. 52 

Lime  nitrate 249 

Lime  nitrate,  effects  on  soils 439 

Lime  nitrogen 247 

Lime,  oyster*«heIl 366 

Lime  phosphates 45 

Lime,  shell-marl 369 

Lime,  slaked 54,  367 

Lime,  superphosphate  of 47g  271 

Lime,  unslated 365 

Lime,  water-slaked 367 

Lime,  weight  of 368 

Lime,  weight  per  bushel 371 

Limestone 369 

Lime-water 36S 

Liming  soils 363 

Linseed-meal 254 

Liquid  manure,  preparation  of 643 

Litmus 28 

Litmus  paper  test  for  add  soils. . .  142 

Loams,  properties  of 100 

Loss  of  plant-food,  mechanical 179 

Lucem,  management  of 547 

Lump-lime 365 

M 

Magnesia M 

Magnesian  lime 366 

Magnesium,  action  in  plants.......     79 

Magnesium  carbonate  as  indirect  fer^ 

tUizer 392 

Magnesium,  combining  weight  and 

symbol  of 23 

Magnesium  compounds 56 

Magnesium  compounds  in  soils....   110 
Magnesium,  distribution  in  plants. .     79 

Magnesium  hydroxide 56 

Magnesium  oxide. 56 

Magnesium  phosphates 49 

Magnesium  silicates 56 

Magnesium,  source  of 55 

Magnesitmi  sulphate 56 

Magnesium  sulphate  as  indirect  fer- 
tilizer   392 

Maize.    See  Com. 
Mammoth  red  clover  crop,  composi- 
tion of 556 

Manganese,  combining  weight  aiid 

symbol  of 23 

Manganese,  influence  on  growth  of 

pineapples •  693 

Manure.    See  Farm  manure. 

Manure,  composting 325 

Manure,  control  of  decompositioa  of  320 

Manure,  deep  stall 325 

Manure,  green-crop 34S 


Nitroeen,  even 
Nltnwsn.  fiiotiaa 


.  122      Nitniesn  Butirm,  i 
.  193      NitrogflQ  fliation,  i 


Meadows,  pUuita  tucd  for. 
Meadowi,  iwj  clover  for. . 


>t  bs  miud  4M  guui 


Nitrogen  ir 


1-iymbioUc...  Z 

Dlnollc I 

al    matter   in 


Nitrogen  ii 
Nilrogen  ii 
Nitrogen  in 


IS  tad  pluit-roodi...   1S9      N 


MinenJ  tieuieau. 


tTDgen  in  orguiic  mMlor 

..  trogen  in  tea  clover J 

Nitrofitti  ia  urine,  loaa  by  decompoii- 

Nilraeini,  liMa  of  in  toils.. 


Mttriota  «f  potu 

UdiuM  cf  potiA,  cnt  <t. 


Kunery  cropa. .l...... , 

Nursery  crops,  characteriitici  el...  — 
Nuneiy  crops.  leitiliiiDg  conWHa- 


Neutral  i«actloa. 
Nt« 

K  Uats,  avanabSItT  of. 

..._..    ijjj^  ^  oil— 

B.  km  (rfio 


Nitregm.    oonMnloi    inight    and 

(Vmbol  of.., 
NitragBo  Of 

Nitrogen,  t 


Orchard-grass  bay  crcip,  compoaltion 
iprfymj  ft 
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Plan 

Orchards,  tillage  of 679 

Organic  constituents  of  soils 117 

Organic  matter,  accumulation  in  soils  138 

Organic  matter,  adds  in 125 

Organic  matter,  action  in  soils.  130,  134 
Organic  matter,  active  and  inert...  125 
Organic  matter,  amount  in  soils...  133 
Organic  matter  and  leguminotxs  crops  538 
Organic  matter  and  soil  bacteria...  198 
Organic  matter,  composition  of....  118 
Organic  matter,  decomposed,  proper- 
ties of 133 

Organic   matter,    decomposition   in 

different  soils 132 

Organic  matter,  decomposition  of,  in 

soils..... 120 

Organic  matter  from  animal  material  131 
Organic  matter  from  vegetable  mate- 
rial    131 

Organic  matter  in  farm  manure. . .  328 
Organic  matter  in  soils  relation  to 

fertilizers 139 

Organic  matter,  keeping  supply  in 

soils 139 

Organic  matter,  loss  of,  in  soils. . .  136 
Organic  matter,  nitrogen  in........     39 

Organic  matter,  soil  toxins  in 128 

Organic  nitrogen,  availability  of...  429 
Ornamental  plants,  fertilisers  for...  663 

Osmosis 166 

Oxygen,  action  in  plants 87 

Oxygen,  atmospheric -. 61 

Oxygen,  combining  weight  and  sym- 
bol of 23 

Oxygen  in  minerals 61 

Oxygen  in  water. 61 

Oxygen,  organic 61 

Oxygen,  source  of 61 

Oyster-shell  lime 366 

Oyster,  vegetable 613 

P 

Palmaer,  phosphate 277 

Parsnips,  composition  of  crop 613 

Parsnips,  fertilizer  for 612 

Pastures,  fertilizers  for 566 

Pastures,  management  of 566 

Pastures,  permanent,  seed  mixture 

^     for 567 

Pastures,  red  clover  for 544 

Peach  crop,  composition  of 694 

Peach  trees,  composition  of 668 

Peach  trees,  fertilizers  for 683 

Peanut  crop,  composition  of 710 

Peanuts,  crop-rotations  for 709 

Peanuts,  fertilizers  for 709 

Peanuts,  soils  for 709 

Pear  crop,  composition  oi 694 

Pear  trees,  compositioa  of 668 

Pear  trees,  fertilizers  for 683 

Peas  and  barley  as  green-forage  crop  592 
Peas  and  oats  as  green-forage  crop  589 
Peas,  garden,  composition  of  crop  637 
Peas,  garden,  fertillsen  lor........  624 

Peat .'.'»...-•*.••.•♦•.•.•".'•  -123 

peat  as  Indiract  tetllJMr..^ !.  391 


Peat,  availabiUty  of 431 

Peat-moss  as  absorbent 302 

Peaty  soils,  plant-food  needs  of....  415 

Perennial  rye-grass 565 

Perennial  rye-grass  hay  crop,  com- 
position of 573 

Pig  manure,  commercial,  dried 258 

Pig  manure,  composition  of 291 

Pineapples,  fertilizers  for 691 

Phosphate,  acid.'^ » 271 

Phosphate,  acid,  with  farm  manure  319 

Phosphate,  basic  slag 275 

Phosphate,  di-caldum 45,     47 

Phosphate,  insoluble  calcium,  prop- 
erties of 47 

Phosphate,  mono-calcitmi 45,     47 

Phosphate  of  aluminum 49 

Phosphate  of  iron 49 

Phosphate,  Palmaer 277 

Phosphate,  reverted  calcium,  prop- 
erties of 47 

Phosphate  rock,  ground,  cost  of  pjios- 

phorus  in 447 

Phosphate,  soluble  calcium,  proper- 
ties of 47 

Phosphate,  tetra-calcium 49 

Phosphate,  tri-caldum 45 

Phosphate,  Wiborg 277 

Phosphate,  Wolter 277 

Phosphates,  Florida 262 

Phosphates,  guano 265 

Phosphates  of  caldum 45,    47 

Phosphates  of  magnesium 49 

Phosphates  of  lime 45,    47 

Phosphates,  rock 262 

Phosphates,  South  CardUna 262 

Phosphates,  Tennessee 262 

Phosphates,  use  of  term 43 

Phosphoric  add,  available,  in  guar- 
antees   454 

Phosphor\c  add,  dtrate  soluble,  in 

guarantees 454 

Phosphoric  add  in  fertilizer  guaran- 

^    tees 453 

Phosphoric  add,  insoluble,  in  guar- 
antees   455 

Phosphoric  add,  reverted,  in  guar- 
antees...   454 

Phosphoric  add,  soluble,  in  goaran- 

^     tees i 454 

Phosphoric  add,  total,  in  guarantees  455 

Phosphoric  acid,  use  of  term -43 

Phosphorus,  action  in -plants 70 

Phosphorus,  combining  we^t  and 

symbol  of 23 

Phosphorus  compounds 42 

Phosphorus  compounds,  availabiUty 

of 433 

Phosphorus  compounds  in  soils....   112 
Phosphorus,  distribution  in  plants. .     72 

Phosphorus  in  add  phosphate,  cost  of  447 

Phosphorus  in  bone,  cost  of 447 

Phosphorus  in  different  mat^iials* 

cost  of .% ....,•< .  447 

Phosphorus  in  fish,  fiost  oL. .  ^.  .[w ;  447 
'Phosphorus  in  floats,  cost  of. ••;.;•  447 
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Fftce 
Phoephorua  in  slag  phosphate,  coat 

of 447 

Phosphorus,  loss  of  in  soils...  .182,  186 
Phosphorus,  need  of,  shown  by  crops  412 

Phosphorus,  source  of 42 

Phosphorus,  terms  in  stating  guar- 

aiitee  of 453 

Plant-food,  absorption  of,  by  roots  166 

IHant-food,  actual 10 

Plant-food,  adsorption  of,  in  soils..   184 
Plant-food,  amounts  of  materials  con- 
taining 1  lb.  of 496 

Plant-food  and  quality  of  fruit 676 

Plant-food,  available,  and  soil  con- 
ditions   404 

Plant-food,  available,  definition  of . .  7 
Plant-food  compounds  removed  from 

soils 185 

Plant-food,  conservation  of 3 

Plant-food    constituents    in    cereal 

croi>s 597 

Plant-food  constituents  in  different 

forms,  how  to  calctilate 459 

Plant-food   constituents   in   garden 

crops 637 

Plant-food  constituents   in    legumi- 
nous crops 556 

Plant-food   constituents   in  nursery 

crops k 668 

Plant-food  constituents  in  root  crops  613 
Plant-food  constituents  of  grass  crops  573 
Plant-food,  cost  in  high-grade  fer- 
tilizers   462 

Plant-food,  cost   in  low-grade  ferti- 
lisers    462 

Plant-iood,  definition  of 6 

Plant-food,  distribution  of,  and  root 

growth 172 

Plant-food  elements,  action  of,  in 

plants 63 

Plant-food  elements,  distribution  of, 

in  plants 63 

Plant-food,  factors  in  availability  of     10 

IHant-food  formulas  for  crops 528 

Plant-food,  how  taken  into  plant. .   161 

Plant-food  in  farm  manure 289 

Plant-food  in  relation  to  roots 163 

IHant-food  in  soils,  amounts  of....  114 
Plant-food  in  soils,  losses  and  gains  175 

Plant-food,  loss  by  leaching 177 

Plant-food  materials,  classification  of  238 

Plant-food  materials,  cost  of 445 

Plant-food  materials  for  greenhouse 

crops 646 

Plant-food     materials,     purchasing 

unmixed 482 

Plant-food  needs,  learning  by  experi- 
ment   416 

Hant-food,  nitrogen-containing 244 

Plant-food,  potential 10 

Plant-food,  relation  to  soil  fertility  12 
Plant-food  supplies  and  crop  needs  116 
Plant-food,  unavailable,  definition  of  7 
Plant-foods,  amounts  needed.......  420 

Plant-foods,  gain  of,  by  soils. 137 

Plant-foods  m  soils  and  chemical 
fixation : 1$1 


Paga 
Plant-foods  and  micro-organisms  ...   189 

Plant-foods  and  stimulants 515 

Plant-foods  containing  phosphorus  261 
Plant-foods,  forms  of.  used  bv  plants  170 
Plant-foods  in  soils,  removal  by  crops  175 
Plant-foods,  selection  by  plants....  169 
Plant-foods,  selection  of,  for  use...  426 
Plant-foods,  small  and  large  appli- 
cations   521 

Plant-roots,  functions  of 92 

Plant-roots,  needs  of . . .  .•. 92 

Plants  and  soils,  relations  of 89 

Plants  as  manufactories 161 

Plants,  chemical  elements  of 15 

Plants,  classes  of  compotmds  in...     18 

Plants,  feeding-power  of 172 

Plants,  selective  power  of 169 

Plants,  turgor  of 167 

Plaster  of  paris 370 

Plowing 153 

Pltmi  crop,  composition  of 694 

Plums,  fertilizers  for 684 

Plum  trees,  composition  of 668 

Poisonous  compounds  in  soils......  128 

PolyhaUte 282 

Pop-corn,  management  of 581 

Potash,  actual 50 

Potash,  actual,  in  guarantees 455 

Potash.  German 278 

Potash  in  fertilizer  guarantees 455 

Potash  in  muriate,  cost  of 448 

Potash  in  seaweeds. 287 

Potash  manure  salts 280 

Potash  manure  salts,  double 280 

Potash,  materials 278 

Potash,  meaning  of  term 50 

Potash,  muriate  of 51,  279 

Potash,  nitrate  of 41,  52,  252 

Potash,  sulphate  of 51,  280,  448 

Potash,  water-soluble,  in  guarantees  456 

Potassium,  action  in  plants 72 

Potassium  and  magnesitmi  sulphate  280 

Potassium  chloride 51,  279 

Potassium  carbonate 51 

Potassium  carbonate,  effects  on  soUs  441 
Potassium,    combining    weight    and 

symbol  of 23 

Potassium  comiraunds,   availability 

of 436 

Potassium,   compounds,    effects   on 

soils 441 

Potassium  compounds  in  soils 108 

Potassium,  comi>ounds  of 51 

Potassitmi,  distribution  in  plants..  75 
Potassium  in  carbonate,  cost  of  . . .  448 
Potassium  in  chloride  (muriate)  cost 

of 440 

Potassium  in  different  forms,  cost  oc  448 

Potassium  in  guarantees 455 

Potassium  in  kainite,  cost  of 448 

Potassium  in  rocks 286 

Potassium  in  sulphate,  cost  of 448 

Potassium,  loss  of  in  soils 184,  187 

Potassitun-magnesium  carbonate...  281 
Potassium,  materials  containing....  278 

Potassium,  muritfte. 51 

Potassium,  need  of,  shoiwa  by  Crops  41^ 
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Pace 

Potassium  nitrate 41,  52,  252 

Potassium  citrate  on  scnls 439 

Potassium  oxide 50 

Potassium  oxide  in  guarantees 455 

Potassium,  seaweed  as  a  source  of. .  287 

Potassiimi  silicates 52 

Potassium,  sources  of 50 

Potassium  sulphate 51,  280 

Potassium,  water-soluble,  in  guaran- 
tees   456 

Potatoes,  crop-rotations  for 599 

Potatoes,  early,  fertilizers  for 603 

Potatoes,  fertilisers  for 600 

Potatoes,  Irish,  composition  of  crop  613 

Potatoes,  late,  fertilizer  for 603 

Potatoes,  soils  for 600 

Potatoes,  sweet,  composition  of  crop  613 

Potatoes,  sweet,  crop-rotations  for. .  604 

Potatoes,  sweet,  fertilizers  for 605 

Poultry  manure,  treatment  of 327 

Proteins  in  plants  19 

Protozoa,  relation  of,  to  soils  and 

crops 231 

Puddling  of  soils 96 

Pumpkin  crop,  composition  of 637 

Pumpkins,  fertilizers  for 630 

Purchasing  unmixed  fertilizer  mate- 
rials   482 

Pure  culture  inoculations. 227 

Putrefaction,  process  of 201 

Q 

)uicklime 365 

luince  crop,  composition  o^ 694 

fuinces,  fertilizers  for 684 

R 

Radishes 612 

Radishes,  composition  of  crop 613 

Raspberries,  fertilizers  for 688 

Reactions,     acid,     alkaline,     basic, 

neutral 27 

Red  clover,  as  green-crop  manure. .  543 

Red  clover  crop,  composition  of . . .  556 

Red  clover  crop,  management  of. .  544 
Red  clover  for  meadows,  pastures, 

etc 544 

Red  clover,  nitrogen  in 544 

Red  fescue  grass 565 

Red  mammoth  clover,  management 

of 545 

Red  raspberry  crop,  composition  of  694 

Rci-too  grass 565 

Rc'l-ton  grass  hay  crop,  composition 

of     573 

Revertd  phosphate,  availability  of  433 

Rhc^e  Island  bent-grass 565 

Rhubarb  cm,  composition  oC 657 

Rhubarb    fertilizers  for 622 

Rock-phosphates 262 

Rock-phosphate  with  farm  manure  319 

Rocks,  potassium  in 286 

Root  crops 598 

Root  crops,  fertilizing- constituents  in  613 
Root    growth    and    distribution    of 

plant-food i 172 


Paso 

Root-hairs 164 

Root-nodules  and  bacteria 216 

Roots  and  food  supply. . .'. 163 

Rose  bushes,  composition  of 668 

Roses  out-of-doors,  fertilizers  for  . .  664 
Roses  under  glass,  fertilizers  for...  651 

Roses  under  glass,  soils  for « .  650 

Rotation  of  crops 498 

Rotation  of  crops,  effect  on  yidd..  504 
Rotation  of  crops,  general  principles 

of SOS 

Rotation  of  crops,  reasons  for 499 

Rotation  system,  order  of  crops  in  506 
Rotation  systems,  conditions  affect- 

mg 506 

Rotation  systems,  essentials  of 505 

Rotation  systems,  examples  of 507 

Rye  as  green-crop  manure 587 

Rye  as  green-forage  crop 586 

Rye  crop,  comporition  of 597 

Rye,  crop-rotations  for 585 

Rye,  fertilizers  for 585 

Rye,  soil  for 585 

S 

Salsify,  composition  of  crop 613 

Salsify,  fertilizers  for 613 

Salt  as  indirect  fertilizer 391 

Salt,  common •  •     58 

Saltpeter 252 

Saltpeter,  Chili 244 

Salts,  acid 35 

Salts,  chemical  meaning  of 3i 

Salts,  names  and  symbols  of 34 

Sand  soils,  plant-food  need  of 413 

Sand  texture 94 

Sandy  soils,  properties  of.. 98 

Sawdust  as  absorbent 302 

Seed,  importance  of 399 

Seed  mixtures  for  lawns.... 573 

Seed  mixtures  for  meadows 564 

Seed  mixtures  for  pastures 567 

Shavings  as  absorbent 302 

Sheep  manure,  commercial,  dried..  258 
Sheep  manure,  compositicm  of.  .258,  291 

Shell-mari  lime 369 

Silage  com.  fertilizer  for 580 

Silicates 60 

Silicates  of  magnesia 56 

Silicates  of  potassium 52 

Silicon,  action  in  plants. 94 

Silicon,  combining  weight  and  sym- 
bol of 23 

Silicon  compounds.  ;..••.. 59 

Silicon  compounds  in  soils 112 

Silicon,  source  of 59 

Silt  texture  of  soils 95 

Slaked  lime 367 

Small  fruite,  fertilizers  for 686 

Soditun,  action  in  plants.. 84 

Sodium  carbonate 59 

Sodium  chloride ^ yiJLL*     *^ 

Sodium,  combining  weight  and  sysi* 

bol  of 23 

Sodium  Compounds.. ........'••••    59 

Sodium  compounds  In  toOs.. ••••••  llO 


INIXX 


733 


Soohtiii*  dutributiOfi  in  fussts*  • « •  •    84 

Sodinxn  nitrate 40,  244 

Sodium  nitrate,  eflfect  upon  aons...  437 

Sodium,  source  of. 59 

Sodium  sulphate 57 

Sou  acidity 140 

Soil  acidity, methods  of  testing....  142 

Soil  bacteria 196 

Soil  changes  and  bacteria 228 

Soil,  definition  of 89 

Soil-derived  elements. 16 

Soil  factors  in  crop  production. . . .  401 

Soil  fertility,  definition  of 12 

SoU  fertility,  factors  of 11 

Soil  inoculation  and  fertilizers 520 

Soil  inoculation  for  legumes 223 

Soil  preparation  for  legiuninous  crops  539 

Soil  relations  to  subsoil 89 

Soil  solution,  absorption  of 166 

Soil,  sour 141 

Soil  structure 101 

Soil  texture 93 

Soil  toxins 128 

Soil  water,  control  of 152 

Soils,  accumulation  of  osganic  matter 

in 138 

Soils,  acid,  ammonia  test  for 143 

Soils,  acidity  of,  and  basic  com- 
pounds    140 

Scnls.  action  of  organic  matter  in. .  130 

Soils,  aluminum  compounds  in 112 

SoUs,  amount  of  organic  matter  in  133 
Soils,  amounts  of  plant-food  in. . . .  114 
Soils,  analysis  ci,  m£ormation  from  408 

Soils  and  plants,  relations  of 89 

Soils,  calcixmi  compounds  in 106 

Soils,  clay,  properties  of 99 

Soils,  compounds  removed  from...  185 
Soils,  decomposition  of  organic  mat* 

ter  in 120 

Soils,  effects  of  ammonium  nitrate  on  439 
Soils,  effects  of  aounonium  sulphate 

on 439 

Soils,  effects  of  cyanamid  on 440 

Soils,  effects  of  lime  nitrate  on....  439 
Soils,  effects  of  potassium  carbonate 

on 441 

Soils,  effects  of  potassium  compounds 

on 441 

Soils,  effects  oi  potassiw^i  nitrate  on  439 
Soils,  effects  of  sodium  nitrate  on. .  437 
Soils,  effects  of  superphosphate  on  440 

Soils,  excessively  rich •  517 

Soils,  formation  of 90 

Soils,  function  of 89  > 

Soils,  eains  of  plant-foods  by......   187 

Soils,  hygroscopic  water  in '. .   150 

Soils,  inorganic  constituents  ot..,.\  105 

Soils,  iron  compounds  In '  111 

Soils,  keeping  organic  matter  in. . .  139 
Soils,  kinds  <»  and  decomposition  of 

OTRanic  matter 132 

Sons,  timing  of 363 

Soils,  losses  and  gains  of  plant-foods 

in 175 

SoOfi,  loss  of  nitrogBa  in 182,  186 


Soils,  loat  of  orgMilc  matter  in....  136 
Soils,  loss  of  phosphorus  in....  182,  186 

Soils,  loss  of  potassium  in 184,  187 

Soils,  loss  of  water  in 151 
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magnesium  compounds  in.... 

Soils,  organic  constituents  of 117 

Soils,  organic  matter  in  relation  to 

fertilisers 139 

Soils,  percolation  cf  water  in 151 

Soils,  phosphorus  compounds  in...  112 

Soils,  physical  properties  of 89 

Soils,  plant-food  in,  and  cro^  needs  116 

Soils,  poisonous  compounds  m 128 

Soils,  potassium  compounds  in.....  108 

Soils,  relation  of  fungi  to 230 

Soils,  relation  of  protosoa  to 231 

Soils,  sandy,  inoperties  of 98 

Soils,  silicon  compounds  in 112 

Soils,  sodium  compounds  in 110 

Soils,  sour,  ammonia  test  far •  143 

Soils,  sour,  litmus  test  for. 142 

Soils,  sulphur  compounds  in 113 

S<mIs,  water  In • 148 

Soot  as  fertiliser 393 

Sorghum  crop,  composition  of 597 

Sorghum,  fertUiseis  for 596 

Sour  soils 141 

Sour  soils,  tests  for 142 

South  Carolina  phosphates 262 

Soy-bean  crop,  composition  of 556 

Soy-beans,  management  of 553 

Soy-beans,  nitrogen  in............  554 

Spinach  crop,  composition  of 637 

Spinach,  fertUisers  for 633 

Squashes,  fertilizers  for 630 

Stable  manure.     See  Farm  manure. 

Stimulant  fertilizer 239 

Stone-lime 366 

Straw  as  absorbent 302 

Strawberries,  fertilizers  for 689 

Strawberry  crop,  composition  of...  694 

Structure,  crumb,  <tf  soils 101 

Structure  of  soils 101 

Structure  of  soils,  factors  affecting. .  102 

Subsoil,  definition. 89 

Sugar-beets,  fertilizeare  for 609 

Sugar-cane  crop,  composition  of...  710 

Sugar-cane,  fertilizers  for 702 

Sugar-mill,  wastes • 285 

Sulphate,  action  in  plants 80 

Sulphate  of  ammonia 41,  246 

Sulphate  of  iron 57 

Sulphate  of  iron  as  indirect  fertiliser  392 

Sidphate  of  lime ^^ 55,  370 

Stuphate  of  magnesia. ,,« 56 

Sulphate  of  potash 51.  280 

Sulpoate  of  potash  and  magnesia..  280 

Sulphate  of  potash,  cost  of 448 

Sulphate  of  soda 57 

Sulphur,  action  in  plants 80 

Sulphur,  weight  and  symbol  of 23 

Sulphur  compounds. 57 

Sulphur  compounds  in  soils 113 

Sulphur,  distribution  in  plants 81 

Sulphurous  add  to  keep  manure...  320 
Sulphur,  souroo 56 
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Superphosphate,    nitrate 275 

Superphosphate    of    lime 47,271 

Superphosphates,  availability  of. .  433 

Sweet-clover  crop,  composition  of.  556 

Sweet-clover,   management  of . . . .  546 

Sweet-corn  crop,  composition  of . .  637 

Sweet  corn,  fertilizers  for 632 

Sweet  potatoes,  crop-rotations  for.  604 

Sweet  potatoes,   fertilizers  for...  605 

Sweet  potatoes,  soil  for 604 

Sylvinite    282 

Symbiotic  fixation  of  nitrogen. ...  215 

Symbols  of  chemical  elements...  23 
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Tall  meadow  fescue  grass 565 

Tankage    255 

Tankage,   availability  of 430 

Tankage,  bone 269 

Tankage,  garbage 257 

Tankage,  meat 255 

Tennessee    phosphates 262 

Test  for  humic  acid 127 

Tests  for  acid  soils 142 

Texture,  clay 95 

Texture,    sand 94 

Texture,    silt 95 

Texture,    soil....... 93 

Tillage   153 

Tillage  and  fertilizers 519 

Tillage  of  orchards 679 

Timothy,  early  spring  fertilizer  for  562 

Timothy  grass 564 

Timothy  hay  crop,  composition  of  573 

Timothy  meadows,  fertilizers  for.  562 

Tobacco,  crop  composition  of....  710 

Tobacco,  crop- rotations  of 699 

Tobacco,  fertilizers  for 700 

Tobacco  stalks 284 

Tobacco  stems 284 

Tobacco  waste 284 

Tomato  crop,  composition  of 637 
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First  Principles  of  Soil  Fertility 

By  Alfred  Vivian.  There  is  no  subject  of  more  vital 
importance  to  the  farmer  than  that  of  the  best  method 
of  maintaining  the  fertility  of  the  soil.  The  very  evideni; 
decrease  in  the  fertility  of  those  soils  which  have  been 
under  cultivation  for  a  number  of  years,  combined  with 
the  increased  competition  and  the  advanced  price  of  labor, 
have  convinced  the  intelligent  farmer  that  the  agriculture 
of  the  future  must  be  based  upon  more  rational  practices 
than  those  which  have  been  followed  in  the  past.  We 
have  felt  for  some  time  that  there  was  a  place  for  a 
brief,  and  at  the  same  time  comprehensive,  treatise  on 
this  important  subject  of  Soil  Fertility.  Professor  Vivian's 
experience  as  a  teacher  in  the  short  winter  courses  has 
admirably  fitted  him  to  present  this  matter  in  a  popular 
style.  In  this  little  book  he  has  given  the  gist  of  the 
subject  in  plain  language,  practically  devoid  of  technical 
and  scientific  terms.  It  is  pre-em'.iently  a  "First  Book," 
and  will  be  found  especially  valuable  to  those  who  desire 
an  introduction  to  the  subject,  and  who  intend  to  do  subse- 
quent reading.    Illustrated,    5x7  inches.    265  pages.    Cloth. 

Net,  $1.00 

The  Study  of  Com 

3y  Prof.  V.  M.  Shoesmith.  A  most  helpful  book  to  all 
farmers  and  students  interested  in  the  selection  and  im- 
provement of  corn.  It  is  profusely  illustrated  from  photo* 
graphs,  all  of  which  carry  their  own  story  aui'  contribute 
their  part  in  making  pictures  and  text  matter  a  clear,  con- 
cise and  interesting  study  of  corn.  Illustrated.  5x7  inches 
100  pages.     Cloth. Net,  $0.56 


Soils 

By  Charles  William  Burkett,  Director  Kansas  Agri- 
cultural Experiment  Station.  The  most  complete  and 
popular  work  of  the  kind  ever  published.  As  a  rule,  a 
book  of  this  sort  is  dry  and  uninteresting,  but  in  this  case 
it  reads  like  a  novel.  The  author  has  put  into  it  his  in- 
dividuality. The  story  of  the  properties  of  the  soils,  their 
improvement  and  management,  as  well  as  a  discussion  of 
the  problems  of  crop  growing  and  crop  feeding,  make  this 
book  equally  valuable  to  the  farmer,  student  and  teacher. 
Illustrated.    303  pages.    5>^x8  inches.    Cloth.    .     Net,  $1.25 

Weeds  of  the  Farm  Garden 

By  L.  H.  Pammel.  The  enormous  losses,  amounting 
to  several  hundred  million  dollars  annually  in  the  United 
States,  cau'^'^d  by^  weeds  stimulate  us  to  adopt  a  better 
system  of  agriculture.  The  weed  question  is,  therefore, 
a  most  important  and  vital  one  for  American  farmers. 
This  treatise  will  enable  the  farmer  to  treat  his  field  to 
remove  weeds.  The  book  is  profusely  illustrated  by  photo- 
graphs and  drawings  made  expressly  for  this  work,  and 
will  prove  invaluable  to  every  farmer,  land  owner,  gar- 
dener and  park  superintendent.  5x7  inches.  300  pages. 
Cloth Net,  $1.50 

Farm  Machinery  and  Farm  Motors 

By  J.  B.  Davidson  and  L.  W.  Chase.  Farm  Machinery 
and  Farm  Motors  is  the  first  American  book  published 
on  the  subject  of  Farm  Machinery  since  that  written  by 
J.  J.  Thomas  in  1867.  This  was  before  the  development 
of  many  of  the  more  important  farm  machines,  and  the 
general  application  of  power  to  the  work  of  the  farm. 
Modern  farm  machinery  is  indispensable  in  present-day 
farming  operations,  and  a  practical  book  like  Farm  Ma- 
chinery and  Farm  Motors  will  fill  a  much-felt  need.  The 
book  has  been  written  from  lectures  used  by  the  authors 
before  their  classes  for  several  years,  and  which  were  pre- 
pared from  practical  experience  and  a  thorough  review  of 
the  literature  pertaining  to  the  subject.  Although  written 
primarily  as  a  text-book,  it  is  equally  useful  for  the  prac- 
tical farmer.  Profusely  illustrated.  5j4x8  inches.  520 
pages.     Cloth Net,  $2.00 

The  Book  of  Wheat 

By  P.  T.  DoNDLiNGER.  This  book  comprises  a  complete 
study  of  everything  pertaining  to  wheat.  It  is  the  work 
of  a  student  of  economic  as  well  as  agricultural  condi- 
tions, well  fitted  by  the  broad  experience  in  both  practical 
and  theoretical  lines  to  tell  the  whole  story  in  a  condensed 
form.  It  is  designed  for  the  farmer,  the  teacher,  and  the 
student  as  well.  Illustrated.  5>^x8  inches.  370  pages. 
Cloth Net,  $2.00 
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The  Cereals  in  America 

By  Thomas  F.  Hunt,  M.S.,  D.Agri.,  Professor  of  Agron- 
omy, Cornell  University.  If  you  raise  live  acres  of  any  kind 
of  grain  you  cannot  afford  to  be  without  this  book.  It  is  in 
every  way  the  best  book  on  the  subject  that  has  ever  been 
written.  It  treats  of  the  cultivation  and  improvement  of  every 
grain  crop  raised  in  America  in  a  thoroughly  practical  and 
accurate  manner.  The  subject-matter  includes  a  comprehen- 
sive and  succinct  treatise  of  wheat,  maize,  oats,  barley,  rye» 
rice,  sorghum  (kaBr  corn)  and  buckwheat,  as  related  particu- 
larly to  American  conditions.  First-hand  knowledge  has  been 
the  policy  of  the  author  in  his  work,  and  every  crop  treated  is 
presented  in  the  light  of  individual  study  of  the  plant.  If  you 
have  this  book  you  have  the  latest  and  best  that  has  been 
written  upon  the  subject.  Illustrated.  450  pages.  5^x8 
inches.     Cloth $1 75 

The  Forage  and  Fiber  Crops  in  America 

>  By  Thomas  F.  Hunt.  This  book  is  exactly  what  its  title 
indicates.  It  is  indispensable  to  the  farmer,  student  and 
teacher  who  wishes  all  the  latest  and  most  important  informa- 
tion on  the  subject  of  forage  and  fiber  crops.  Like  its  famous 
companion,  "The  Cereals  in  America,"  by  the  same  author,  it 
treats  of  the  cultivation  and  improvement  of  every  one  of  the 
forage  and  fiber  crops.  With  this  book  in  hand,  you  have 
the  latest  and  most  up-to-date  information  available.  Illus- 
trated. 428  pages.    sJ4x8inches.    Cloth.      .     .-     .     .    $175 

The  Book  of  Alfalfa 

History,  Cultivation  and  Merits.  Its  Uses  as  a  Forage 
and  Fertilizer.  The  appearance  of  the  Hon.  F.  D.  Coburn's 
little  book  on  Alfalfa  a  few  years  ago  has  been  a  profit  revela- 
tion to  thousands  of  farmers  throughout  the  country,  and  the 
increasing  demand  for  still  more  information  on  the  subject 
has  induced  the  author  to  prepare  the  present  volume,  which 
is  by  far  the  most  authoritative,  complete  and  valuable  work 
on  this  forage  crop  published  anywhere.  It  is  printed  on  fine 
paper  and  illustrated  with  many  full-page  photographs  that 
were  taken  with  the  especial  view  of  their  relation  to  the  text. 
336  pages.  6^  X  9  inches.  Bound  in  cloth,  with  gold  stamp- 
ing. It  is  unquestionably  the  handsomest  agricultural  refer- 
ence book  that  has  ever  been  issued.    Price,  postpaid,  .    $2.00 

Clean  Milk 

By  S.  D.  Belcher,  M.D.  In  this  book  the  author  sets  forth 
practical  methods  for  the  exclusion  of  bacteria  from  milk, 
and  how  to  prevent  contamination  of  milk  from  the  stable 
to  the  consumer.  Illustrated.  5x7  inches.  146  pages. 
Cloth -     .     •  ...  .     '     -         $1 00 
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